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ABSTRACT 

A 


The compatibility of 6AL-4V Ti with propellant-grade GFo and 
LF 2 at 77 K for up to 3 years was investigated. Ti double 
coupons, annealed or heat treated, with 16 or 64 RMS finishes, 
were immersed in F 2 in individual Pyrex capsules and stored 
under LNo for 29 and 39 months. Pre-and post- immersion tests 
were performed on the propellant and coupons. Chemical analysis 
of the propellant did not reveal any significant changes due to 
titanium corrosion. Gravimetric, visual, microscopic, and 
metallurgical examination with pitting analysis did not reveal 
gross corrosion of the titanium although pitting appears to be , 
greater after 39 months exposure. The increase in pit size and 
number raises the possibility of unpredictable crack propagation 
instability. Fracture toughness tests are necessary to define 
this possibility. 
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GLOSSARY 

In the context of this report* the followlfts definitions win be 
applied. 

Propellant 

Sample: 

Aliquot: 

Titanium 

Specimen: 

Coupon: 

i Tensile 

Coupon : 

Note that randomness of the specimens Is not assured, and the coupons 
are definitely not random. 

Procedures 

Contact: A compatibility experiment in which a specimen of 

Immersion: J titanium is exposed to Fg under controlled conditions. 

Test: 1 A determination of a property or composition of a 

Characterization:/ specimen or sample of a material which will be 

or has been Immersed In F 2 


A quantity of a fluid (gas, vapor, or liquid) withdrawn 
from a larger quantity of the same npterlal, and assumed 
to be both representative and random. 

A sample whose quantity (volume or mass) Is a known fraction 
of the total quantity from which It Is withdrawn. 

A double-dogbone piece of titanium alloy, as furnished 
by JPL 

A portion of titanium alloy cut mecahnically from the 
double-dogbone specimen. 

A coupon of special configuration used for tensile testing. 
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1. INTRODUCTION AND SUMMARY 

There are many benefits to be gained from the use of liquid fluorine 
(LF2) as the oxidizer for liquid propulsion systems aboard extended 
duration mission space vehicles. However, the design of appropriate pro- 
pulsion systems utilizing LF2 is hampered by inadequate critical informa- 
tion about the long term compatibility of the fluorine with materials of 
construction. The objective of the current program is to generate long 
term storage compatibility data for the titanium alloy 6AL-4V in contact 
with propellant grade liquid and vapor fluorine at a temperature of 77 K 
for 2- and 3-year periods. The program is oriented to develop data 
suitable for use in design of components which are in static or low-flow- 
rate contact with LF2, such as tanks and some plumbing lines. The data 
are not applicable to highly stressed components, to components which are 
exposed to general or local rapid flow such as filter fibers and injectors, 
nor to frequently actuated dynamically loaded components such as valve 
seats or bellows. 

The procedures utilized were developed previously for JPL Contract 
No. 953486, as reported in "Compatibility Testing of Spacecraft Materials 
and Space Storable Liquid Propellant," Final Report TRW No. 21362-6023- 
RU-00, May 1974. 

Specimens of titanium 6AL-4V in two heat treat Conditions (annealed, 

147 KSI, and heat-treated, 175 KSI) and two surface finishes (16 and 64 RMS) 
were supplied by JPL. Selected specimens were; a) kept unexposed; b) 
exposed to GF2 for 1 hour (passivated); c) immersed in LF2 and 6F2 for 
29 months; and d) immersed in LF2 and GF2 for 39 months. Control speci- 
mens of LF2 were stored for 29 and 39 months. The fluorine was analyzed 
before the immersion, and both control and immersion samples were analyzed 
after the immersion. The metal specimens were characterized after each of 
the four modes. Characterization included weight change, tensile proper- 
ties measurement, visual examination and corrosion mapping, microscopic 
examination, metallography, including pit development evaluation, and 
scanning electron microscopy (SEM). 

There was no significant change in the composition of the fluorine in 
contact with titanium. However, when the gas was left to stand in contact 
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with 18-8 CRES at room temperature, it became contaminated with a volatile 
chromium fluoride and became darker in color. The contaminant was unavoid- 
ably transferred into the test capsules. 

There were minor weight gains for specimens exposed in the 29- and 
39-month tests. Tensile properties did not change for either vapor- or 
liquid immersed specimens. No significant exposure effects were found by 
the corrosion mapping, visual, microscopic, or SEM inspections. However, 
the pitting analysis revealed an accelerating attack rate which had two 
separate characteristics. The number of pits and their area increased 
markedly, with a greater increase in the 29-39 month period than in the 
0-29 month period, however the depth of most of the pits remained constant, 
except for the 64 RMS coupons, especially those in the annealed condition, 
which after 39 months showed appreciable formation of deeper pits, about 
5 times as deep as the average for all coupons. 

There is a possibility that the increase in pitting severity with 
time may eventually lead to catastrophic failure of the alloy by crack 
instability. This failure mode is dependent on both the fracture toughimss 
of the alloy and the applied stress. 
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2. TECHNICAL DISCUSSION 


2.1 OBJECTIVE 

The objective of this program is to generate and evaluate data on the 
effects from long-term contact for up to three years of titanium alloy 6AL- 
4V with liquid and vapor propellant-grade fluorine at a temperature of 77 K. 
The purpose is to supply missing critical data for the design of tankage 
for extended duration mission space vehicles using fluorine as oxidizer. 

2.2 APPROACH 

The approach used in this program is: 

• Characterize the initial condition of the titanium alloy. 

• Characterize the titanium alloy after passivation with GF 2 . 

a Characterize the initial condition of the fluorine. 

• Contact individual specimens of the titanium with individ- 
ual quantities of liquid fluorine for selected durations 
of up to 3 years at specified test conditfms. 

• Store control samples of fluorine without titanium under 
identical conditions for the same time intervals. 

e Separate the fluorine from the titanium at the end of the 
contact period. 

• (U’racterize the post-contact condition of the titanium 
alloy specimens. 

• Characterize the post-contact condition of the fluorine. 

• Characterize the control samples of fluorine. 

• Characterize any new substances which were formed during 
the contact period. 

• Calculate any changes which occurred in the titanium, the 
fluorine', and the test system. 

a Evaluate the changes as functions of test duration and 
test conditions. 

t Draw conclusions about the significance of the results and 
make appropriate recommendations relative to utilization of 
titanium in contact with fluorine and also for additional 
studies which may be necessary. 
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2.3 METHOD 
2.3.1 Introduction 

The experimental portion of the program consists of three parts: 

1. Characterization of the propellant fluorine. 

2. Characterization of the titanium alloy specimens. 

3. Immersion of the alloy specimens in fluorine. 

Characterization of the fluorine and of the titanium is done before and 
after the immersion. Controls are included in which the immersion tests 
are simulated, but without contact between the two materials. 

The program is arranged in five sequential tasks: 

Task 1. Install equipment. Conduct pre-immersion character- 
ization of specimens and propellant. 

Task 2. Initiate imnersion. 

Task 3. Conduct immersion. 

Task 4. Terminate 2-year immersion. Conduct post-immersion 
characterization. 

Task 5. Terminate 3-year immersion. Conduct post-immersion 
characterization. 

This report is the final technical report on the program. In it we 
present all the procedures, observations, results, analyses, and conclu- 
sions for the complete program. Interim technical reports which have been 
published during the program include: 

• "Program Plan and Schedule," TRW No. 29279-6001-RU-00, 

10 February, 1976. 

• "Informal Progress Report, 28 January 1976 through 21 May 
1976," TRW No. 29279-6002-RU-00, 21 May 1976. 

t "Final Letter Report No. 2, 28 January 1976 through 27 July 
1976," TRW No. 29279-6003-RU-00, 27 July 1976. 

• "Final Letter Report No. 3, 27 July 1976 through 5 July 
1978," TRW No. 29279-6004-RU-00, 5 July 1978. 

• TRW Operating Procedure, "Removal of Fluorine and Analysis 
of Fluorine in Long Term Storage TEsts of Titanium Speci- 
mens with Liquid Fluorine" No. YS-28T-15, 18 October 1978. 
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• "Final Letter Report No. 5, 6 July 1978 through 1 April 
1979," TRW No. 29279-6005-RU-00, 25 April 1979. 

2.3.2 Pl^ 

The original plan is described in this section. The actual operations 
which were conducted and the procedures used are described in detail in 
Section 2.3.4. 

2.3.2. 1 Materials 

Titanium specimens, 36 each, in selected meteTlurgical and surface 
finish conditions, ware to be furnished by JPL (see Section 2.3.3.1). Pro- 
pellant grade fluorine and the apparatus items were to be procured or 
supplied by TRW. 

2. 3. 2. 2 Pre-Immersion Characterization of 6AL-4V Titanium Alloy Specimens 

All 36 specimens were to be weighed on an analytical balance, accurate 
-4 

to ±1 X 10 g, immediately upon removal from their protective containers, 
and the weights recorded. 

Preimmersion characterizations of the 6AL-4V titanium alloy were to 
be performed on eight, and mechanical tests on four, for a total of twelve 
specimens. The preimmersion surface condition analysis was to include 
stereo, light optical, and scanning electron microscope examinations. 
Pitting analyses by Champion's method (Reference 1) were to include the 
measurement of pit concentrations, sizes, and depths. Table I is a matrix 
of the tests which were planned. In order to minimize effects of exposure 
to the humid atmosphere, all operations in the surface examination were to 
be conducted under purge by dry argon, in a dry argon atmosphere, or in 
vacuum. Immediately after the examination of each specimen was completed, 
it was to be sealed in an inert atmosphere. 

The mechanical property tests — ultimate tensile strength, yield 
strength, and percent elongation — were to be conducted using an Instron 
Universal Test Machine for the measurement. Because two tensile coupons 
are made from each double dogbone specimen, a total of 8 individual tensile 
tests were planned. Following the tensile tests, the coupons were to be 
resealed in an argon atmosphere. 
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Table I. 6AL-4V Titanium Specimens - Pre- inversion Characterization 


Item 


Number of Specimens 


Material condition 

Heat Treated 

Annealed 

Specimen Surface Finish 
(micro inches) 

16 RMS 

64 RMS 

16 RMS 

64 RMS 

1.0 Examination and Metallurgy 





1.1 Sealed Controls (Cleaned: 
no passivation) 

1 

1 

1 

1 

1.2 Sealed Controls (Cleaned; 
passivated) 

1 

1 

1 

1 

2.0 Mechanical Properties Tests 





2.1 Room Temperature (298 K) 
(Cleaned; passivated) 

1 


1 


2.2 LN2 Temperature (77 K) 
(Cleaned; passivated) 

1 


1 


Totals 

4 

2 

4 

2 


2. 3. 2. 3 Fluorine Characterization 

Prior to use, a complete assay for the fluorine was to be performed 
perspecifi cation MIL-P-27405, "Fluorine Propellant, Type II, Liquid." The 
sample analyzed was to be drawn from the batch to be used in this program. 
Results of this analysis are described below, in Section 2. 3. 3. 2. 

2. 3. 2. 4 Liquid Fluorine Controls 

Eight each 10 ml volumes of liquid fluorine were to be loaded into 
specimen capsules and stored as control samples in the Cryoflask storage 
unit, as summarized in Table II, together with the titanium specimen 
compatibility tests for the same durations. 

2. 3. 2. 5 Preparation of Specimens for Storage 

A total of twenty- two 6AL-4V specimens were to be placed in cleaned 
glass capsules and sufficient liquid fluorine added to cover the lower cou- 
pon of the double dog-bone specimens. These specimens were to be prepared 
ready for storage at 77 K. . The assignment of specimen conditions and 
finishes was to be that shown in Table III. 
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Table II. LF 2 Storage Tests at 77 K 


Test Group 

Storage Period, Months 

Number of Capsules 

A 

24 

4 

B 

36 

_4 



Total 8 


Table III. 6AL-4V Titanium Specimens Storage in LFg at 77 K 


Item 

Test 

Group 

Number of Specimens and Capsules 

Material condition 

Specimen Surface Finish 
(micro inches) 

Storage Period 
(months) 

24 

A 

Heat Treated 
16 RMS 64 RMS 

3 3 

Annealed 
16 RMS 64 RMS 

2 2 

36 

B 

4 4 

2 2 

Totals 


7 7 

4 4 


The assignments in Table I and III total 34 specimens. The two addi- 
tional specimens supplied by JPL were to be for spares and replacements. 
Assignment of individual specimens to particular tests (passivation, 
24-month, or 36-month) was to be arbitrary, with no requirement for 
randomization. 

2. 3. 2. 6 Immersion Capsule Storage at 77 K 

All loaded capsules were to be transferred to carrying cannisters in 
the Cryoflask cryogenic storage unit, and a chart to be prepared showing 
the location of each capsule as it was emplaced. The cryogenic storage 
unit was to be transferred to a barricaded storage facility with a LNg 
supply. The LNg in the storage unit was to be replenished at least 2 times 


7 




TRW NO. 29279-6006-RU-00 


per week. Storage was to be at 77 ± 4 K, at an internal pressure of 
300 ± 160 torr, the vapor pressure of Fg in the temperature range. • 

A table assigning each titanium and each fluorine control specimen to 
one of the 24 month or 36 month storage periods was to be prepared. 

2. 3. 2. 7 Immersion Termination 

At the end of 24 months for Group A and of 36 months for Group B, 
the capsules were to be removed from storage. It was planned to open 
them, remove the fluorine by evaporation, sample and analyze the fluorine 
from 1 capsule of each condition of the titanium specimens (4 total), and 
also to analyze the Fg from the control tests. 

2. 3. 2. 8 Specimen Post- Immersion Testing 

It was planned to weigh each specimen and to conduct visual, stereo, 
and magnified examinations, SEM, metallurgical analysis, pitting evalua- 
tion, and mechanical property tests on selected specimens. Tables IV and 
V outline the post- immersion tests for Group A and Group B respectively. 
These test plans were designed after the immersions had been initiated and 
their increased level of detail, compared to Table I, reflects the experi- 
ence gained in the program. 

2.3.3 Materials and Apparatus 

2.3.3. 1 Titanium 

Ti 6AL-4V in the form of specimens conforming to JPL Drawing 10056227, 
Revision C, entitled "Metallic Specimen, Double Dogbone, P/N 10056227-1" 
were furnished by JPL (Figure 1). All specimens have a Vee notch at one 
end to indicate the end for vapor exposure during immersion tests, and all 
are engraved with a number code at both ends of one side. The specimens 
were provided by JPL in a variety of surface finish and heat treat condi- 
tions, as listed in Table VI. 

All specimens were cleaned by JPL in accordance with JPL Specification 
ES504574, Revision C, entitled, "General Cleaning Requirements for Space- 
craft Propulsion Systems," and packaged to prevent recontamination. This 
cleaning procedure prohibits use of halogenated and fluorinated solvents, 
and permits only isopropyl alcohol as an organic solvent. 
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Table IV. Group A Post- Immersion Tests 
2 Year Immersion 

10 Specimens in Immersion - 20 Coupons for Testing - ^ 


Specimen Type 

Test Function 

Number of Tests 

Heat Treated 

Annealed 

Controls 

16 RMS 

64 RMS 

16 RMS 

64 RMS 

Weigh/Speciinens 

3 

3 

2 

2 

— 

Examination and Mapping/ 

3 

3 

2 

2 


Complete Specimens 






SEM/Coupons: Vapor 

1 

1 

1 

1 

-- 

Liquid 

1 

1 

1 

1 


Metallography/Coupons : Vapor 

2 

2 

2 

2 

-- 

Liquid 

2 

2 

2 

2 


Pitting/Coupons : Vapor 

1 

1 

1 

1 

-- 

Liquid 

1 

1 

1 

1 


Chemical Analysis of F^/Capsules 

1 

1 

1 

1 

2 

Tensile Tests/Coupons: 






Vapor, 298 

2 

2 

1 

1 

-- 

Vapor, 77 

1 

— 

1 ! 

• — 

— 

Liquid, 298 

2 

2 

1 1 

1 


Liquid, 77 

1 

** “ 

1 


“ "■ 


Table V. Group B Post- Immersion Tests 
3 Year Immersion 

11 Specimens in Immersion - 22 Coupons for Testing - 4 Controls 


Specimen Type 

Number of Tests 


Heat Treated 

Annealed 

t 

Test Function 

16 RMS 

64 RMS 

16 RMS 

64 RMS 

^2 Controls 

Weigh/Specimens 

3 

4 

2 

2 

-- 

Examination and Mapping/ 
Complete Specimens 

3 

4 

2 

2 


SEM/Coupons : Vapor 

1 

1 

1 

1 

-- 

Liquid 

1 

1 

1 

1 


Metallography/Coupons; Vapor 

2 

2 

2 

2 


Liquid 

2 

2 

2 

2 

-- 

Pitting/Coupons : Vapor 

1 

1 

1 

1 


Liquid 

1 

1 

1 

1 

— 

Chemical Analysis of p2/Capsules 
Tensile Tests/Coupons: 

1 

1 

1 

1 

4 

Vapor, 298 

2 

3 

2 

2 

... 

Vapor* 77 

1 

1 

— 


— 

Liquid, 298 

2 

3 

2 

2 

— 

Liquid, 77 

1 

1 

— 

-- 

-- 
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Table VI. Titanium Specimen Condition Distribution 


Heat Treat 

Specimen Categories 

^“^v^Condi ti on 
\^d UTS 

Surface 

Finish, u in>\^ 

Heat Treated 
' 175 KSI 

Annealed 
147 KSI 

Quantity 

Code Nos. 

Quantity 

Code Nos. 

16 RMS 

12 

7500-11 

8 

7550-57 

64 RMS 

10 

7520-29 

, 6 

7570-75 


Documentation of the alloy used in fabrication of the specimens is 
given in Appendix A. Specifications for preparing the particular heat 
treat conditions and surface finishes, and for tests to establish that the 
conditions and finishes conform to specification are given in Appendix B. 

2.3.3. 2 Fluorine 

Gas fluorine was obtained in a size A cylinder from Air Products, pur- 
chased per Specification MIL-P-27405, Fluorine Propellant. It was used "as 
received", and was NOT passed through a NaF tower. Portions of the material 
were withdrawn from the cylinder into an evacuated transfer system. Portions 
as required were analyzed according to the procedure for "Type II, Liquid" 
in the above specification. An additional portion of the fluorine was 
introduced, by means of the vacuum transfer system, into an evacuated 10-cm 
infrared spectrometer cell equipped with silver chloride windows. The 
fluorine pressure in the cell was 760 torr. A spectrum was run between 
850 cm“^ and 4000 cm“^ and the absorbancies at 1280 cm"^ for carbon tetra- 
fluoride and at 1050 cm~^ for silicon tetrafluoride were compared with 
standard curves for these to compound to determine the concentrations. The 
results are presented In Table VII. Because the propellant composition 
affected operations for transferring is discussed in the following 

paragraphs instead of in the Program Results Section. 

Unidentified non-condensable species make up at least 0.1% v/v. Such 
species may include oxygen, nitrogen, helium, and/or carbon tetrafluoride. 
Table VIII shows the volatility of a number of possible impurities in the 
fluorine, in terms of individual boiling points. 

Non-condensables can cause problems during vacuum transfer operations 
at cryogenic temperatures. Helium is particularly bothersome during low 
pressure cryompumped transfer from a liquid supply at 77 K to a receiver 
at 4.3 K. The helium does not condense at the low pressure inside the 
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Table VII. Analysis of Starting Fluorine 


Constituent 


Fluorine Assy, % v/v 


Sum of Hydrogen Fluoride + Carbon Dioxide, 
% v/v 


Non-Condensables, % v/v 

Carbon Tetrafluoride, % v/v 
Silicon Tetrafluoride, % v/v 


*NR - Not required 


Specificati on 
Limit 

99.0 

(min) 

0.1 

(max) 

0.9 

(max) 

NR^ 


NR’* 



Results 



Concentration % v/v, refers to the vapor phase composition when all 
materials have volatized without fractionation. It Is equal to % mol /mol 


Table VIII. Boiling Points of Possible Impurities in Fluorine 


I B.P. (K) 


4.3 


Species 


He 

N« 


90 

128 

145 

178 (sublimes) 
195 (sublimes) 
299 
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manifold and its vapor causes development of a back-pressure in the 
receiverj slowing and ultimately preventing transfer of fluorine. The 
observed behavior of the fluorine during transfers for this program indi- 
cated that helium was present as a significant portion of the non- 
condensable fraction, but that it was not the only such material present. 

To prevent the back pressure problem, it was necessary to subject the 
liquid fluorine to a dynamic vacuum prior to and periodically during its 
transfer into the test capsules. This obviously changed the composition 
of the fluorine in which the titanium was immersed. 

2. 3. 3. 3 Apparatus 

The apparatus used for installing and conducting the immersion tests 
will be described as three items. These are the compatibility capsule, 
the fluorine transfer manifolds, and the cryogenic storage facility. 

a) Compatibility Capsule 

The capsules were manufactured by TRW from borosilicate glass 
tubing. Their design is sketched in Figure 2. The capsules were 
fabricated in two sections for later sealing at the fusion joint. 
Annealing of both sections was accomplished by heating in a 
furnace at 833 K and holding at this temperature for 0.25 hour. 

The heating rate was not considered critical, and the cooling to 
ambient was at the normal cooling rate of the furnace. After the 
capsules were manufactured and annealed, they were cleaned, in a 
clean room, in an ultrasonic bath with an Alconox solution, 
washed with deionized water and dried in a vacuum oven at 383 K, 
and packaged to prevent recontamination. 

The two sections were joined after a titanium specimen was placed 
in the lower section, using a portable hydrogen -oxygen torch, with 
a purge flow. of argon through the capsule to protect the specimen. 
This process is described in Section 2.3.4.1(a). 

b ) Fluorine Transfer Manifolds 

The manifold used for filling the capsules with fluorine is 
sketched in Figure 3. This manifold was used for passivation of 
specimens with gas fluorine, and to load liquid fluorine into 
capsules, both liquid fluorine controls and those containing 
specimens'. 

A fluorine cylinder was connected directly to the manifold with 
6 meters of 0.6 cm O.D. copper tubing. The manifold was con- 
structed of 0.6 cm O.D. stainless steel tubing and the attached 
valves were Hoke No. 4251N6Y fabricated from stainless steel. 
Swagelok and AN flare connections were used. Copper tubing was 
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Figure 2. Compatibility Capsule 
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used to connect the manifold to the glass capsule and to the 
graduated glass volume tube; the copper lines were attached to 
the capsule and the volume tube by means of Swagelok fittings 
with Teflon ferrules. Liquid helium was maintained around the 
sample capsule by use of a Cryofunnel. The Cryofunnel was 
simply a jacketed tube, 5 cm I.D. and 25 cm long. This jacketed 
tube was connected to a 1.25 cm O.D. stainless steel tube 
which was inserted into a liquid helium storage flask Dewar 
through a 1.25 cm ball valve. Below the ball valve was a 0.3 cm 
O.D. valved line for pressurizing the storage flask with 2-6 psig 
helium. To raise liquid helium into the Cryofunnel, the storage 
flask was pressurized and the pressure maintained. until the 
liquid helium rose to the desired level. After the operations 
with the capsule were completed, the liquid helium was returned 
by placing a cover on the Cryofunnel , and the vapor pressure of 
helium forced the liquid to return to the storage Dewar. 

Copper tubes, 0.6 to 1-meter long and 0.3 cm O.D., were attached 
at one end to Valves 2 and 3. The tube at Valve 3 was attached 
at the other end to a heavy walled graduated glass tube, and the 
tube at Valve 2 was attached to the fill port of a capsule. To 
remove absorbed gases and moisture from the samples and inside 
capsule walls. Valves 2 and 3 were opened and the manifold was 
evacuated, and the entire system held at a pressure below 0.1 torr 
for one hour while being pumped. Liquid nitrogen was maintained 
around the cryogenic vapor traps upstream of the vacuum pump. 
Before filling the capsule with liquid fluorine or for preparation 
of passivated-only specimens, the capsules and contents were 
passivated with fluorine by introducing one atmosphere of 
fluorine and permitting it to remain for one hour. The capsules 
were then evacuated to less than 0.1 torr and held under this 
condition for one hour, before proceeding to the appropriate sub- 
sequent step in the procedure. 

The manifold used for removal of fluorine after completion of the 
immersion test is sketched in Figure 4. This is actually just a 
segment of a larger, multipurpose fluorine manifold. The capsule 
to be emptied is attached to the ball valve seal breaker by use 
of a Swagelok fitting with Teflon ferrules. The system is pas- 
sivated carefully prior to attachment of a capsule to be 
emptied of fluorine. 

c) Cryogenic Storage Facility 

A Cryo-flask was used for the storage of the specimens and liquid 
fluorine. The Cryo-flask, manufactured by Minnesota Valley Engi- 
neering Company, has the configuration shown in Figure 5. This 
device is thermally efficient; after filling with LN 2 it will 
contain 25 percent of the initial fill after four weeks storage 
with no topping off. It was filled with liquid nitrogen and then 
cannisters containing up to four capsules each were placed in the 
Cryo-flask. Twice each week the Cryo-flask was replenished with 
liquid nitrogen. The capsules remained in storage until removed 
according to the schedule. 
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The apparatus used in characterizing the titanium specimens included 
the following: 

The tensile tests were conducted on an Instron Model TTCtMl-6 
Universal Testing Machine. The strain rate was 0.50 inch/minute, 
and a 0.2% offset was used to determine the yield strength. 

All pit dimensions were measured on a Reichert Research 
Metal lograph. 

SEM photographs were obtained using a JOEL Model JSM-2 
scanning electron microscope. 

2.3.4 Procedures 


The actual operations carried out and identification of the specific 
test items utilized are described in this section. Attention is drawn to 
significant variances from the original plan. A chart showing the history 
of each specimen throughout the program is presented as Table IX. 

Table IX. 

The most significant changes fran the plan described in 
Section 2.3.2 are 

t 29 month immersion for Group A - the extension, agreed to by the 
JPL Technical Manager, occurred as a result of some high priority 
technical problems on other programs. 

• 39 month immersion for Group B 

• Only 3 specimens of heat treated 16 RMS titanium in 36 months 
immersion. 

• Post- immersion characterizations were done on many more specimens 
than originally planned. 

Results are not given in this section except where the observations 
required a change in procedure, then summary data is presented to explain 
the change. Detailed results will be found in Section 2.3.5. 

2. 3. 4.1 Fluorine Transfer Operations 

(a) Passivation/Immersion Initiation 

All specimens except 7508 and 7511 were sealed into capsules by the 
following technique. The work was conducted in a clean area to reduce 
introduction of contamination; 

(i) The bottom half of a capsule was attached to a vertical support 
with a clamp. The top half of a capsule was attached by flexible 
tubing at the capsule fill port to a source of filtered argon for 
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purging. The operator wore white, lint-free nylon gloves and 
used forceps with Teflon-coated tips to place a specimen in the 
bottom half of the capsule. Then into each capsule with a 
specimen for liquid immersion, (thus omitting 7500-3, 7520-1, 

7529, 7550-3, and 7570-1) were inserted two fi repolished boro- 
silicate glass rods, 0.7 cm diameter by 6.4 cm long. The glass 
rods, used to minimize the volume of liquid required, were 
placed one on each side of the specimen. The top half of the 
capsule, with a slow flow of purge argon flowing, was placed on 
the bottom half, and the two sections were fused together using 
hydrogen-oxygen portable glass blowing torch. The break-seal 
portion of the capsule was then formed. The argon flow was 
continued until the glass had cooled. In addition to the capsules 
which contained titanium specimens, eight empty capsules were 
fabricated for LF 2 controls. All completed capsules were 
inspected after cooling, using a polari scope to detect strains 
in the glass: None were found. The capsules were then enclosed 
and sealed in individual clean plastic bags before removal from 
the clean area and transport to the propellant laboratory. 

Passivation of all capsules, except those containing specimens 7500, 
7520, 7529, 7550, and 7570, was carried out as follows: 

(ii) The filling manifold described in Section 2.3.2.3(b) and shown in 
Figure 3 was used. A capsule was attached to the manifold by 
copper tubing at the fill port. The system was evacuated to a 
pressure below 0.1 torr and held at that pressure for one hour. 

The vacuum pump was then valved off, and gas fluorine was 
admitted to the system to a pressure of one atmosphere, and 
allowed to stand for one hour. The fluorine was then evacuated 
from the system through the absorption tower, and the pressure 
reduced below 0.1 torr by a dynamic vacuum for at least one hour. 

Non passivated control specimens 7500, 7520, 7550, and 7570, and 
spare specimen 7529 were handled as follows: 

(iii) The same procedure as in (ii) was followed except that the capsules 
were pressurized for one hour with one atmosphere of helium in 
place of fluorine. 

Capsules which were to be filled with liquid fluorine were not sealed 
off at this step -- further processing of these items is described at (v) 

(iv) The passivation-only and unpassivated control capsules were then 
filled with GHe at one atmosphere and the fill port was fused 
closed while the capsule was still attached to the manifold; a 
hydrogen-oxygen portable torch was used. 
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For those capsules to be loaded with LF 2 , 10 ml (15.5 g) of LFg 
at 77 K accurately locates the vapor-liquid interface midway between the 
two dogbone sections. The additional procedures are: 

(v) The manifold was again evacuated. LN 2 was placed in the Dewar 
around the graduated glass tube, and gas fluorine was slowly 
introduced through Valve 1 to the manifold. When 10 ml of 
fluorine had condensed into the graduated glass tube, the 
fluorine supply was shut off at Valve 1. Liquid helium was 
introduced to the Cryofunnel (See Section 2.3. 3. 3(b)), and 
Valve 2 was opened and all the fluorine distilled from the 
graduated tube into the capsule where it froze. Figure 6 is a 
schematic of a loaded capsule. 

Condensable gases with a slight vapor pressure and non-condensable 
gases were present in fluorine in sufficient quantities to cause problems 
when fluorine condensed at 77 K was cryopumped to a capsule at 4.3 K, 

Table VIII is a list of the boiling points of some likely impurities. 
Impurities more volatile than F 2 were removed by brief vacuum pumping on 
the liquid fluorine prior to transfer and at three intervals during trans- 
fer when the back pressure became high enough to stop the transfer. This 
treatment probably did not phange the corrosive nature of fluorine. 

(vi) When all the fluorine was transferred from the graduated tube 

to the capsule, the capsule fill port was sealed with a hydrogen- 
oxygen torch. Then the capsule was disconnected from the 
manifold, remove from the liquid helium and placed in liquid 
nitrogen for storage. 

Because the graduated tube was maintained at 77 K throughout the 
transfer process, little or no CF^, SiF^, CO 2 , or HF, whose vapor pressures 
are below 1 torr at 77 K, were transferred into the capsule. This 
purification might reduce the corrosiveness of the fluorine. 

When charging the capsules, the fluorine control samples were charged 
first (14-16 June, 1976) and then the specimen capsules were charged in 
numerical order (17-25 June, 1976). On the average, three capsules were 
charged per day. It was observed that the first three fluorine control 
samples were darker in color than the remaining fluorine samples. After 
specimen 7525 was charged, the capsule loading was stopped for a day while 
the GFg was still pressurized in the manifold up to Valves 2 and 3. Upon 
resumption, after about 40 hours, when fluorine was condensed in the 
capsule containing specimen 7526, darker colored fluorine was again 
observed. Because of these observations the test plan was changed to add 
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Figure 6. Loaded and Sealed Immersion 
Compati bi 1 i ty Capsul e 
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post-lirmersion electron microprobe analysis of the residues after 
evaporation of fluorine from one capsule containing dark fluorine. 

The glass capsules for LF 2 control specimens No. 7 and 8 would not 
seal properly, and were discarded without testing. The capsules for 
titanium specimens 7508 and 7511 failed by breaking at the side-arm during 
the initiation/loading process and the specimens were discarded. (7511 
was suppose to be a replacement for 7508.) Specimen 7529 was a spare; 
it was sealed into a capsule but was not subjected to any additional 
operations. The specimens which were exposed to LF^ prior to the capsule 
failing (7508 and 7511) become very corroded during evaporation of F 2 open 
to the humid atmosphere, and are unsuitable for further use. (See lower 
sketch on page F-3.) 

There were a total of thirty fluorine- loaded capsules: eight capsulei 

with 10 ml of liquid fluorine only and 22 capsules with a titanium specimen 
and 10 ml of liquid fluorine. 

(b) Storage of Specimens and Liquid Fluorine 

(i) A Cryo-flask was filled with LN 2 . The storage cannisters were 
removed from the Cryoflask and placed in LN 2 -filled Dewar flasks. 
The capsules for storage were placed in the cannisters, and when 
the cannisters were filled, they were replaced in the Cryoflask. 

A chart was prepared of the placement of the capsules; this chart 
is presented as Table X. The assignment of specimens to Group A 
and Group B is also given in Table X. 

(ii) The loaded Cryoflask was transferred from the laboratory to an 

armored storage bunker with a supply of LN 2 refrigerant. LN 2 was 
replenished twice weekly, and the storage assembly was inspected 
regularly. The approved operating procedure, number D01755, for 
maintaining the test in storage, is presented as Appendix C of 
this report. 

(c) Removal of Specimens and Fluorine Controls from Storage 

The removal of the capsules from storage, the removal of fluorine 
from the capsules, and the analysis of the residue remaining after dis- 
tillation of fluorine at 77 K was performed by following the approved 
operating procedure No. YS-28T-15, attached to this report as Appendix D. 

(i) The capsules were removed from storage in the Cryo-flask and 
while still cooled by liquid nitrogen were attached to a ball 
valve by means of a Swagelok fitting and Teflon ferrules. The 
ball valve was in turn attached to the vacuum manifold shown in 
Figure 4. The ball valve had been drilled to permit the 
insertion of the capsule break-seal tip. The configuration is 
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shown in Figure 1 of Appendix D. The manifold and ball valve 
with the still -refrigerated capsule attached were evacuated for 
15 minutes to remove any moisture adhering to the tip of the 
cold capsule. Then, with the vacuum pump isolated from the 
manifold, the ball valve was rotated to break the tip off the 
capsule. The pressure in the manifold rose to 320-330 torr. 

Again vacuum was applied to the manifold, but this time the gases 
were pumped through soda lime and charcoal scrubbers to avoid 
passing fluorine directly into the vacuum pump. 

(ii) When all the fluorine had distilled from the capsule and been 
pumped from the manifold, an infrared gas cell with silver 
chloride windows was attached to the vacuum manifold and evac- 
uated. The LN 2 Dewar was removed from the capsule, which then 
warmed to room temperature (298 K). The residue present at 77 K 
melted and became a gas and a sample was transferred into the 
evacuated gas cell. By means of infrared spectrometry, the 
composition of room temperature-volatile, 77 K involatile, 
evaporated residue was determined. 

At room temperature while at reduced total pressure (1 to 10 torr) 
no involatile residue was seen in the capsules except for small quantities 
on the walls in capsules which had contained dark-colored fluorine. 

(iii) After removal of all volatile materials, the capsule at 298 K 
was evacuated, back-filled to 1 atmosphere with helium and 
sealed for storage until the titanium specimen was examined. 

- 4 . 

The twenty-nine month (125 week) immersions were terminated over the 
period 13 to 17 November, 1978, and the thirty-nine month (168 week) 
immersions over the period 10 to 14 September 1979. 

2. 3.4. 2 Characterization of Titanium 

The analyses consisted of visual examination, both unaided and by 
microscope, scanning electron microscope (SEM) examination, weight change, 
metal lographic examination to determine stress corrosion cracking and 
number/size of pits, and mechanical property tests (i.e., ultimate tensile 
strength, yield strength, and % elongaticv) , The same test method and 
equipment were utilized throughout the test program. 

Specimens were transported from the propellant laboratory to the 
metallurgical laboratory sealed in helium gas in the original capsules 
from the fluorine tests. Figures G-1 through 6-6 in Appendix G are 
photographs of the still -sealed 39-month immersion capsules with the 
specimens still inside, in the state they were received at the metal- 
lurgical laboratory. The specimens were removed from the glass capsules, 
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weighed and placed in argon-filled specimen bottles. Samples of the brown 
residue adherent to the upper wall of the capsule containing specimen 7526 
(see Figure 7) were removed for electron probe microanalysis. This capsule 
was one which had dark colored fluorine after the fluorine had been in 
contact with stainless steel tubing for about 40 hours. 

When weight change data were compared, it was found that the mean gain 
for 39 months was less than for 29 months. It was postulated that perhaps 
the corrosion film had broken away from the coupon surfaces in the 39 month 
tests. The interiors of the empty capsules were then inspected carefully. 
Small amounts of loose, solid, flakey residues were observed at the bottoms 
of the 39 month capsules. A sample of residue was taken from capsule 7526 
for electron microprobe analysis. 

Tensile, SEM, pitting analysis, and metal lographic test coupons were 
cut from the double dogbone specimens exposed to the liquid/vapor fluorine 
as shown in Figure 8. Room temperature (298 K) tensile tests were conducted 
with serrated V-grips which permitted the reduced area test section to be 
tested without any alterations. Tensile specimens tests at 77 K did require 
machining of the coupons prior to testing. The higher strengths at 77 K 
cause the coupons to be pulled from the serrated grips. Tr« order to test 
the specimens at 77 K, the coupons were machined to the unsymmetrical con- 
figuration shown in Figure 9. 

Photographs of the fractured coupons were taken after completion of 
the tensile tests. 

SEM and metallographic/pitting analysis specimens were removed from 
the ends of the specimens because the liquid/vapor transition cannot be 
precisely determined in the middle of the coupon. Metal lographic and 
pitting analysis specimens were plated with electroless nickel in aqueous 
solution to retain the specimen edges, because edges can become rounded 
during the cross-section preparation, making it difficult to focus optical 
instruments accurately on the edges. Photomicrographs were taken at 400 X 
and at 1000 X to show typical surface profiles of each specimen. This 
nickel coating is only weakly adherent to the titanium. In many cases it 
spalled off during sectioning; however it did protect the edges before it 
was lost. The figure on page G-27 shows an adherent coating; those on 
G-22 show a weakly adherent coating; in F-16 only remnants of the coating 
remain; and in F-17 it is completely gone. Quantitative pitting analysis 
was made by counting the number of pits and measuring the pit diameter 
(d) (width at the top of the pit) and pit depth (1) as well as pit 
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Figure 8. Test Coupon Locations on Immersion Specimen 
(See Figure 1 for complete dimensions) 



Figure 9. Modified Coupon for Cryogenic Tensile Test 
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spacing (distance between two adjacent pits). Data were obtained by 
random sampling and analysis of 0.254 cm of the linear distance of the 
cross-section, representing about one-sixth of the total width. Pit depth 
was measured with a metal lograph. 

The pit size was computed by assuming a circular cross-section and 
using the measured pit diameter data. By assuming uniform distribution, 
the pit concentration was calculated. Frequency distributions of pit 
depth, pit size, and pit depth/diameter ratio were calculated. 

2. 3. 4. 3 Program Performed 

The pre-immersion characterization plan (Table 1) was modified as follows; 

a) Mechanical property tests were conducted on 12 coupons prepared 
from 8 specimens. One coupon was tested from each of the unpas- 
sivated specimens (7500, 7520, 7550, and 7570), which was an 
addition to the plan. Eight F 2 - passivated coupons, four each 
from 16 RMS heat-treated (7502 and 7503) and from 16 RMS annealed 
(7552 and 7553), were tested at room temperature (7502 and 7552) 
and two at LN 2 temperature (7503 and 7553). 

b) Visual examinations, SEM, metallography and pitting analyses were 
carried out on all 12 pre-immersion specimens, instead of the 8 planned. 

The 2-year duration post-immersion characterization plan (Table IV) was 
carried out, with the noted changes as follows: 

a) The duration of the immersion test was increased to 29 months. 

b) Mechanical property tests were conducted on 20 coupons prepared from 
all 10 specimens in the immersion test instead of the 16 coupons 
planned. Eight coupons were tested at 77 K, 4 from vapor inmersion 
and 4 from liquid, and 12 at 298 K, 6 each from vapor and from liquid 
immersion. The first two of the cryogenic tests were failures, 7509 
vapor and 7555 vapor, because the coupons had been machined to the 
wrong dimensions, and the fracture occurred in the grip region. 

The extra cryogenic tensile tests were added after this occurred. 

c) All ten specimens were weighed, visually examined, and mapped, as 
planned. 

d) Eight coupons were examined by SEM, as planned. 

e) Sixteen coupons were examined metal lographi cal ly, as planned. 

f) Pitting analysis was carried out on eleven coupons, instead of 
the eight planned. 

g) Only 2 control samples of LF 2 were stored for 24 months. (Compare 
Table III). See last paragraph of Section 2.3.4.1(a). 

h) Chemical analyses of fluorine residues volatile at 298 K were 
carried out on 4 immersion samples and 2 controls, as planned. 
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The 3-year duration post-immersion characterization plan (Table V) was 
carried out as follows: 

a) The duration of the immersion was increased to 39 months. 

b) Mechanical property tests were conducted on 22 coupons prepared from 
all 11 specimens in the immersion test. Four coupons were tested 

at 77 K, 2 each from vapor and from liquid immersion. The remaining 
coupons were tested at 298 K. 

c) All eleven specimens were weighed, visually examined, and mapped, 
as planned. 

d) Eight coupons were examined by SEM, as planned. 

e) Sixteen coupons were examined metal lographically, as planned 

f) Pitting analyses were carried out on eight coupons, as planned 

g) Chemical analyses of 298 K-volatile residues from fluorine were 
carried out on eleven immersion samples and 4 controls, instead 
of 4 samples and 4 controls as planned. 

h) Non-volatile residues in one capsule (specimen no. 7526) from 
dark fluorine were analyzed by electron microprobe. 

2.3.5 Program Results - Data and Observations 

/ 

2. 3. 5.1 Pre- Immersion Tests 

a) Initial Fluorine Analysis: The data are reported in Table VII, 

Section 2. 3. 3. 2. 

b) Visual Examination, Mapping, Microscopic Examination and Scanning 
Electron Microscopy: The sketches and photographs from these 
activities are included in Appendix E, Figures E-1, E-4 through E-7. 

All unpassivated specimens (7500, 7520, 7550, and 7570) are clean 
with no visible discolorations. All F 2 -passivated specimens had 
slight discolorations. There was a contrast in surface 
morphology between 16 RMS and 64 RMS finishes, but there was no 
visible difference between heat-treated and annealed conditions. 
Under the microscope, there was definite surface etching and film 
formation on the passivated specimens. 

c) Metallography and Pitting Analyses: Photomicrographs of the 
coupons are included in Appendix E, Figures E-2 and E-3. 

The measurements of the locations and diameters of all pits 
encountered in the 0.254 cm length on each coupon are presented in 
Table XI. Distribution frequencies for pit depth, pit area, and 
depth/diameter ratio can be found in Tables E-I to E-III in 
Appendix E. 
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TABLE XI. PRE-IMMERSION PIT SIZES AND LOCATIONS 


Coupon 

No. 


Center-Center 
Pit Separation 
(cm xl0"4) 

64.90 

55.63 


Diameter of Average Diameter 
Two Adjacent .4 of Two Adjacent 
Pits (cm X 10 ) Pits (cm xlO"^) 

2.03-0.76 1.40 
0.76-3.81 2.29 


166.75 

217.55 
99.06 
90.68 
36.58 

21.34 

106.55 
11.30 

2.92 

179.07 

63.88 

18.80 

121.29 


10-11 

11-12 

12-13 


95.76 

18.29 



67.31 

248.84 

517.53 

29.85 


407.67 

313.69 


(continued) 
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TABLE XI. PRE-irWERSION PIT SIZES AND LOCATIONS (Continued) 


Coupon 

No. 



14-15 


15-16 


16-17 


17-18 


Center-Center 
Pit Separation 
(cm X 10"^) 


13.21 


132.08 


86.11 


156.59 


384.81 


337.19 


154.31 


90.55 


11.56 


37.85 

62.36 


100.46 


83,69 


88.52 


126.11 


551.18 


603.25 

142.24 


314.96 


66.04 

586.74 

196.22 

1098.55 


248.29 


266.70 


730.89 


Diameter of Average Diameter 
Two Adjacent of Two Adjacent 
Pits (cm X 10"^) Pits (cm xl0"4) 


10.16-5.08 


5.08-3.81 


3.81-2.54 


2.54-2.54 


2.54-2.03 

2.03-3.81 

3.81- 3.81 

3.81- 1.27 
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TABLE XI. PRE-IMMERSION PIT SIZES AND LOCATIONS (Contir;ued) 


Coupon 

No. 

n 

Center-Center 
Pit Separation 
(cm X 10-4) 

Diameter of 
Two Adjacent 
Pits (cm X 10"^) 

Average Diameter 
of Two Adjacent 
Pits (cm X lO’A) 

7552 

1-2 

226.82 

1.52-7.62 

4.57 


2-3 

37.47 

7.62-1.78 

4.70 


3-4 

33.27 

1.78-1.27 

1.53 


4-5 

163.83 

1.27-1.27 

1.27 • 


5-6 

79.88 

3.81-1.02 

2.42 


6-7 

221.74 

1.02-0.51 

0.77 


7-8 

19.56 

0.51-0.51 

0.51 


8-9 

242.19 

0.51-3.81 

2.16 


9-10 

26.04 

3.81-2.54 

3.18 


10- U 

55.37 

2.54-1.52 

2.03 


11-12 

23.62 

1.52-2.54 

2.03 

7553 

1-2 

452.63 

1.78-1.78 

1.78 


2-3 

11.56 

1.78-1.02 

1.40 


3-4 

44.96 

1.02-2.54 

1.78 


4-5 

106.43 

2.54-2.03 

2.29 


5-6 

55.12 

1.78-1.78 

1.78 


6-7 

295.53 

1.78-2.54 

2.16 


7-8 

72.14 

2.54-2.03 

2.29 


8-9 

402.34 

2.03-2.54 

2.29 

7570 

1-2 

128.91 

3.81-10.16 

6.99 


2-3 

74.93 

10.16-2.54 

6.35 


3-4 

123.83 

2.54-6.35 

4.45 


4-5 

288.04 

6.35-0.76 

3.56 


5-6 

140.72 

0.76-1.27 

1.02 


6-7 

574.68 

3.81-2.54 

3.18 


7-8 

484.51 

2.54-1.27 

1.91 


(continued) 
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TABLE XI. PRE-IMMERSION PIT SIZES AND LOCATIONS (Continued) 


Coupon 

No. 

Pit 

Nos. 

Center^Center 
Pit Separation 
(ciri X 10"^) 

Diameter of 
Two Adjacent . 
Pits (cm X 10"^) 

Average Diameter 
of Two Adjacent 
Pits (cm X 10"^) 

7571 

1-2 

196.22 

5.08-1.27 

3.18 


2-3 

303.15 

1.27-2.54 

1.98 


3-4 

383.54 

2.54-2.54 

2.54 


4-5 

40.01 

2.54-1.27 

1.91 


5-6 

195.83 

1.27-1.27 

1.27 


6-7 

454.28 

2.54-1.78 

2.16 


7-8 

77.98 

1.78-1.29 

1.53 
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TABLE XII. SUMMARY OF DIMENSIONS AND FREQUENCIES OF PITS 
IN PRE- IMMERSION SPECIMENS 


Specimen 

Number 

Number of 
Pits Counted 
in 0.254 cm 

Pit Frequency 
No. xl03/a«2 

Pit Depth 
cm xlO-^ 

Mean Standard 
Dev. 

Pit 

cm2 

Mean 

Area 

xlO-7 

Standard 

Dev. 

Unpassivated 







7500 

9 

1.3 

0.89 

0.21 

0.36 

0.13 

7520 

18 

5.0 

2.00 

0.95 

2.32 

3.45 

7550 

10 

1.6 

1.54 

0.88 

1.9 

2.0 

7570 

9 

1.3 

2.03 

0.83 

1,7 

2.6 

Passivated 







7501 

13 

2.6 

1.21 

0.74 

0.77 

1.02 

7502 

14 

3.0 

0.78 

0.32 

1.03 

1.33 

7503 

16 

4.0 

1.32 

0.69 

2.73 

3.38 

^521 

11 

* 1.9 

1.26 

0.67 

0.20 

0.17 ‘ 

7551 

5 

0.4 

1.48 

0.70 

0.48 

0.42 

7552 

13 

2.6 

1.06 

0.57 

0.68 

1.2 

7553 

10 

1.6 

1.09 

0.40 

0.33 

0.14 

7571 

9 

...... 1 

1.3 

1.46 

0.77 

0.48 

0.61 

Simple Mean 

11.4 

2.2 

- 

- 

- 

- 

Weighted 

_ 

- 

1.34 


1.23 


Mean 







Range 

5-18 

0.4 - 5.0 

0.78-2.03 

0.20-2. 

.73 


Depth/Dianieter 

Ratio 


0.40-1.10 
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A summary of the average surface characteristics for each coupon 
is given in Table XII. It includes mean values, calculated from 
the original data, for number of pits per 0.254 cm length, number 
of pits per unit 1 cm2 area, mean pit depth, mean pit area, and 
mean depth/diameter ratio. In addition, the Table contains 
overall averages for the above parameters for all coupons in the 
pre-iimersion test. These are weighted "means of means" which 
were calculated by multiplying the mean value for each coupon in 
the table by the number of pits per unit length, summing the pro- 
ducts, and dividing the product sum by the total number of pits 
for all coupons. 

d) Mechanical Properties (Tensile Tests): The data obtained in the 
tensile tests are presented in Table XIII. Photographs of the 
fractured coupons are in Appendix E, Figure E-8 through E-10. 

2;3.5.2 Immersion Storage 

The storage of the capsules under LN 2 over the complete program took 
place without Incident. All capsules placed in test were recovered intact 
at the ends of the immersion periods. Actual immersion durations were 29 
months for Group A and 39 months for Group B. 


Coupon No. 


7500-1 


7520-1 


7550-1 


7570-1 


7502-1 


7502-2 


7503-1 


7503-2 


7552-1 


7552-2 


7553-1 


7553-2 
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TABLE XIII. TENSILE MECHANICAL PROPERTIES OF 
PRE- IMMERSION TITANIUM COUPONS 


Ultimate 


Strength 


176,600 


173,800 


147,200 


146,500 


175,800 


175,000 


256,400 


256,000 


146,700 


147,300 


231,700 


225,800 


Yield Strength 
0.2% Offset 
(psi) 


165,200 


159,400 


138,200 


139,100 


161,900 


163,300 


138,900 


139,600 


1 coupon is from end of specimen with Vee notch 

2 coupon is from plain end of specimen. 






% Elongation 
1/2 Inch 
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2. 3. 5. 3 Post 29-Mnnt.h Iitimersion Tests 

a. Fluorine Impurity Analysis: The results from these analyses for 
volatile impurities are presented in Table XIV. No nonvolatile 
residues were observed in any of the capsules. 

b. Visual Examinations, Mapping, Microscopic Examination, and 
Scanning Electron Microscopy: The sketches and photographs from 
these activities are included in Appendix F, Figures F-1, F-2 and F-4. 

All surfaces had irregular surface films, which usually were thicker 
on the liquid-immersed portion. However, sharp demarcations between the 
parts immersed in liquid and in vapor were not detected. The films 
appeared to be more continuous on the annealed specimens than on the heat- 
treated ones for both surface finishes. Discrete corrosion-product 
particles were more prevalent on the heat-treated specimens. 

c. Weight/Weight Changes: The weight change data are presented 
in Table XV. 

The test specimens (including both the top and bottom of the double 
dbgbone specimens) had an average weight gain of 0.0181 g (range of 0.0139 
to 0.0223 g) with an average percent weight gain of 0.35^ (range of 0.27 % 
to 0.50 %). When the percent weight change data are examined, it appears 
that specimen 7527 is out of line with the remainder. As a test, the 
arithmetic mean and standard deviation for all specimens were calculated: 

X = 0.352; = 0.068. Since the value for the percent change for speci- 

men 7527, 0.50, is greater than X + 2cj = 0.487, the probability is 
greater than 95% that the datum for 7527 represents a different population, 
so it is ignored in the analyses. 

d. Metallography and Pitting Analysis: Photomicrographs of the 
coupons are included in Appendix F, Figure F-3. 

The measurements of the locations and diameters of all pits encountered 
in the 0.254 cm length on each coupon are presented in Table XVI. Distri- 
bution frequencies for pit depth, pit area, and depth/diameter ratio can 
be found in Tables F-I to F-III in Appendix F. 

A summary of the average surface characteristics for each coupon is 
given in Table XVII. It includes mean values, calculated from the original 
data, for number of pits per 0.254 cm length, number of pits per unit 1 
cm area, mean pit depth, mean pit area, and mean depth/diameter ratio. 
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!9 MONTH IMMERSION 
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TABLE XV. POST IMMERSION WEIGHT CHANGES 
29-MONTH IMMERSION 
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TABLE XVI. 29-MONTH IMMERSION PIT 
SIZES AND LOCATIONS 


Coupon No. 
and Phase 


505 

IQUIO 






Center-Center 
Pit Separation 
(cm X 10-4) 

1 

Diameter of 
Two Adjacent 
Pits (cm X 10-4) 

69.9 

6.4-14.5 

139.1 

14.5- 6.6 

30.3 

6.6-11.4 1 

15.4 

11.4- 8.1 I 

15.2 

8.1- 2.5 

24.7 

2.5- 5.6 

23.5 

5.6- 5.8 

38.9 

5.8- 5.3 

9.7 

5.3- 9.1 

21.1 

9.1-10.2 

14.9 

10.2- 9.4 

69.0 

4.1- 5.3 

37.1 

5.3- 4.8 

48.9 

4.8- 1.5 

88.1 

1.5- 7.1 

39.2 

2.5- 7.6 

34.3 

7.6- 3.6 

48* c- 

3.6- 5.1 

68.6 

1 

5.1- 7.6 

14.5 ! 

i 

7.6- 8.1 

11.9 

8.1- 7.1 

63.1 ' 

7.1- 5.8 

22.6 

5.8- 6.4 

42.7 

6.4- 9.4 

87.2 

9.4- 6.4 

31.0 

6.9- 7.9 

127.6 

7.9-14.0 

24.4 

14.0- 6.4 

8.9 

6.4- 6.4 


Average Diameter 
of Two Adjacent 
Pits (cm X 10-4) 


7.4 
11.0 
10.2 

6.4 


(continued) 
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TABLE XVI. 29-MONTH IMMERSION PIT SIZES 
AND LOCATIONS (Continued) 





1 - 2 

2- 3 

3- 4 

4- 5 

5- 6 

6- 7 

7- 8 

8- 9 

9- 10 



7- 8 

8- 9 

9- 10 
10-11 
11-12 

12- 13 

13- 14 

14- 15 

15- 16 

16- 17 


Center-Center 
Pit Separation 
(cm X 10-4) 

Diameter of 
Two Adjacent 
Pits (cm X 10-4) 

Average Diameter 
Of Two Adjacent 
Pits (cm X 10-4) 

50.8 

6.4-10.4 

8.4 

150.4 

10.4- 3.3 

6.9 

42.0 

3* 3- 8.4 

5.9 

87.8 

8.4- 9.7 

9.1 

35.9 

17.8-15.8 

16.8 

18.. 

15.8- 7.6 

11.7 

33.3 

7.6-12.7 

10.2 

41.6 

12.7-23.6 

18.2 

46.4 

23.6-29.0 

26.3 

68.6 

29.0-25.4 

27.2 

254.0 

25.4-25.4 

25.4 

137.2 

25.4-25.4 

25.4 

97.9 

25.4-18.0 

21.7 

80.8 

18.0-19.1 

18.6 1 

26.2 

21.6-21.1 

21.4 - ^ 

24.9 

21.1-24.1 

22.6 i 

j 

22.6 

24.1-17.0 

20.6 

20.0 

17.0-13.7 

15.4 

21.9 

13.7-18.8 

16.3 

30.9 

18.8-17.5 

18.2 

22.2 

17.5-17.3 

17.4 

16.2 

17.3- 6.4 

11.9 

34.2 

6^4-13.7 

10.1 

81.7 

13.7- 6.4 

10.1 

135.7 

6.4- 7.9 

7.2 

54.7 

7.9- 3.8 

5.9 

7.7 

3.8- 3.3 

3.6 

15.7 

3.3- 4.6 

4.0 

136.3 

4.6-71.9 

38.3 

134.4 

71.9- 8.9 

40.4 
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(continued) 
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TABLE XVI. 29-MONTH IMMERSION PIT SIZES 
AND LOCATIONS (Continued) 



7575 

VAPOR 
(Cont'd) 

11-12 

12- 13 

13- 14 

14- 15 

15- 16 

16- 17 

17- 18 

18- 19 

19- 20 

20 - 21 

21-22 

22- 23 

23- 24 

24- 25 

25- 26 

26- 27 

27- 28 

28- 29 

29- 30 

30- 31 

31- 32 

32- 33 

33- 34 


Center-Center 
Pit Separation 
(cm X 10-4) 

Diameter of 
Two Adjacent. 
Pits (cm X 10"4) 

48.0 

8.1-25.4 

53.5 

25.4-10.9 

25.4 

10.9- 9.1 

92.6 

9.1-25.4 

38.2 

25.4- 4.8 

31.4 

4.8- 7.9 

32.6 

7.9- 4.1 

81.9 

4.1- 5.6 

28.4 

5.6- 5.1 

70.6 

5.1-18.0 

52.2 

18.0-18.5 

29.1 

18.5- 7.1 

13.5 

7.1-10.4 

94.9 

10.4- 8.4 

10.4 

8.4- 7.6 

84.1 

7.6- 4.6 

19.1 

4.6-12.7 

80.4 

12.7-10.2 

21.8 

10.2-17.3 

23.0 

17.3- 2.5 

87.4 

2.5- 6.9 

42.0 

6.9- 8.9 

8.1 

8.9- 3.8 

24.3 

3.8- 5.8 

48.4 

5.8- 5.8 

48.4 

5.8- 9.7 


Average Diameter 
of Two Adjacent 
Pits (cm X 10-4) 
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TABLE XVII. SUMMARY OF DIMENSIONS AND FREQUENCIES OF PITS 
IN 29-MONTH IMMERSION COUPONS 



7505 Liquid 
7505 Vapor 
7510 Liquid 
7510 Vapor 
7527 Liquid 
7527 Vapor 
7557 Liquid 
7557 Vapor 
7572 Vapor 
7575 Liquid 
7575 Vapor 


Wei rated 


Number of 

Pit Frequency 
No, xlO^/cnr 

Pit Depth 
cm xlO’4 

Pit 

cm2 

Area 

xl0*7 

Depth/Diameter 

Ratio 

Pits Counted 
in 0.254 cm 

Mean 

Standard 

Dev. 

Mean 

Standard 

Dev. 

Mean 

standard 

Dev. 

12 

2.2 

2.57 

1.32 

5.66 

4.44 

0.35 

0.16 

5 

0.4 

2.02 

0.58 

1.89 

1.38 

0.51 

0.21 

11 

1.9 

1.51 

0.58 

3.43 

1,87 

0.26 

0.12 

9 

1.3 

2.16 

1.32 

5.86 

4.25 

0.26 

0,12 

11 

1.9 

7.37 

5.40 

34.30 

19.20 

0.36 

0.17 

17 

4.5 

4.46 

3.62 

39.50 

95.50 

0.31 

0,12 

12 

2.2 

1.58 

0.37 

24.70 

71.50 

0.27 

0,16 

7 

0.8 

1.74 

0.91 

1.10 

1.15 

0.58 

0.36 

16 

4.0 

6.02 

5,59 

20.00 

13.00 

0.38 

0.26 

19 

5.6 

4.34 

3.32 

5.19 

4.50 

0.73 

0.90 

34 

17.9 

7.22 

6.27 

12.20 

15.10 

0.99 

1.60 

13.9 

3.9 

- 

- 

- 

- 


- 

- 

- 

4.50 

- 

15.4 

- 

0.54 


5-34 

0.4 - 17.9 

1.51- 

7.37 

1.1-394 5 

0.26- 

0.99 
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In addition, the Table contains overall averages for the above parameters 
for all coupons in the pre-i turners ion test. These are weighted "means of 
means" which were calculated by multiplying the mean value for each coupon 
in the table by the number of pits per unit length, summing the products, 
and dividing the product sum by the total number of pits for all coupons. 

The data on pit frequency, pit depth, and pit diameter do not indicate 
any consistent pattern of increased attack in either of vapor or liquid 
fluorine. However, the annealed coupons are more severely attacked than the 
heat treated coupons, and the 64 RMS finish more than the 16 RMS. 

e. Mechanical Properties (Tensile Tests); The data obtained in the 
tensile tests are presented in Table XVIII. Photographs of the 
fractured coupons are in Appendix F, Figures F-5 and F-6. 

The coupons which broke in the holding fixture at 77 K were the wrong 
configuration for the low temperature mechanical tests — they had not been 
properly machined to the shape shown in Figure 9. An intermediate configura- 
tion, with insufficient reduction in area, was used — see the top parts of 
the figures on pages F-31 and F-32. The failures were not related to the 
exposure to fluorine. 
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Coupon No. 


505-T 

505-B 

509-T* 

509- B 

510- T 
510-B 
522-T 
522-B 

527- T 
527*B 

528- T 
528-B 


TABLE XVIII. TENSILE MECHANICAL PROPERTIES OF 29-MONTH 
IMMERSION TITANIUM COUPONS 


Ultimate 

Strength 

(psi) 




174.600 

175.200 

251.000 

254.200 

177.500 

177.000 

146.200 
150,400 

221.500 

250.000 

224.000 

149.600 

149.200 


NOTE; T=Top; Vapor Phase F 2 Immersion Exposure. 

B-Bottom; Liquid Phase F 2 Immersion Exposure. 

* Specimen broke in holding fixture. 



f 
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2. 3. 5. 4 Post 39-‘Month Immersion Tests 


a. Fluorine Impurity Analysis: The results from these analyses for 
volatiles are presented in Tables XIX. 


All residues from both controls and specimens have measurable quantities 
of CO 2 ; the mean for all 15 is 1.70 X lO"^ % yfy. Measurable quantities of 
SiP 4 were noted in all control samples (mean = 10.3 X 10"^ % v/v, range = 

2.5 - 20 X 10” ) but the range was surprisingly wide. However, only two of 
the titanium immersion capsules had appreciable SiF^, 7523 and 7526. Contents 
of both CF 4 and HF were below the detectable limit in all capsules. 


b. Analysis of Non-Volatile Residues: These analyses are reported in 
Table XX. The red-brown residue from the "dark" fluorine contains 
large quantities of chormium, and some copper, aluminum, and manga- 
nese. The only source of chromium in the system is the 18-8 CRES 
tubing in the manifold, and chromium fluorides are highly colored 
and are volatile at 298 K. 


The flaky residue from the bottom of capsule 7526 contains significant 
quantities of titanium. It should be noted that the specimem in the capsule from 
which it was taken had the second highest weight gain of all 39 -month 
specimens. Further analyses of these residues and attempts to determine 
weights of the loose material were not conducted because the contents had not 
been protected from access of the moist atmosphere after removal of the 
specimens. 

c. Visual Examination, Mapping, Microscopic Examination, and Scanning 
Electron Microscopy: The sketches and photographs from these 

activities are included in Appendix G, Figures G -1 through G-3 and 
G-5 through G-20. 

Visual examinations were performed at magnifications up to 40X on all 
11 double dogbone specimens from the 39 months exposure, see Figure G-3. 

Small pits appear to be present in the surface of some of the specimens, see 
Figure G-4-3. Test coupons from two double dogbone specimens were examined 
on the JOEL Model JSM-2 scanning electron microscope. Both liquid and vapor 
exposed areas of the specimens were examined. The areas exposed to the 
liquid fluorine appeared to have a heavier scale than the areas exposed to the 
fluorine vapor (see Figure G-5 throug G-20). It should be noted that the vapor 
exposed area of specimen 7573 has very little corrosion products (Figure G-17 
and G-18) whereas liquid exposed specimen 7523 (Figures G -11 and G-12) exhi- 
bited thick layer of deposits. 
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d* Weight/Weight Changes ; The weight change data are incorporated 
in table xxi. 

These data are suspect and should not be used for mathematical analyses, 
because of the detection of titanium salt residues in the emptied capsules. 

No specific reason for flaking of the corrosion film can be cited. The 
possibility of severe vibration or shock during transit from the propellant 
laboratory to the metallurgical laboratory cannot be ruled out, as no require- 
ment for special treatment during transport was imposed. On the other hand, 
spontaneous cracking and flaking of the corrosion film over a longer formation 
period and the more severe pitting attack in the titanium is also possible. 

e. Metallography and Pitting Analysis ; Photomicrographs of the coupons 
are included in Appendix G, Figures 6-4 and G-23. 

The measurements of the locations and diameters of all pits encountered 
in the 0.254 cm length on each coupon are presented in Table XXII. Distri- 
bution frequencies for pit depth, pit area, and depth/diameter ratio can be 
found in Tables G-I to G-III in Appendix G. 

A summary of the average surface characteristics for each coupon is 
given in Table XXIII. It includes mean values, calculated from the 
original data, for number of pits per 0.254 cm length, number of pits per 
unit 1 cm^ area; mean pit depth, mean pit area, and mean depth/diameter 
ratio. In addition, the Table contains overall averages for the above 
parameters for all coupons in the pre-immersion test. These are weighted 
"means of means" which were calculated by multiplying the mean value for 
each coupon in the table by the number of pits per unit length, summing the 
products, and diving the product sum by the total number of pits for all 
coupons . 

The data show that pit frequency is not dependent on fluorine phase, or 
alloy heat treat condition. However, both pit depth and pit area are strong 
functions of initial surface finish, with the 64 RMS material yielding deeper 
and wider pits. 

f. Mechanical Properties (Tensile Tests) ; The data obtained in the 
tensile tests are presented in Table XXIV. Photographs of the 
fractured coupons are in Appendix G, Figures G-21 and G-22. 

No correlations of mechanical properties with immersion parameters were 
found. 
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ANALYSES OF VOLATILE RESIDUE IN 39-MONTH CAPSULES 
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TABLE XX. ANALYSES OF NON-VOLATILE RESIDUES 
IN CAPSULE 7526 

ELECTRON PROBE MICROANALYSIS OF TUBE RESIDUES (SEMI-QUANTITATIVE) 


RED-BROWN RESIDUE ON WALL OF TUBE 


ELEMENT 

SEMIQUANTITATIVE 
CONCENTRATION ESTIMATE 

FLUORINE 

5 to 10% 

CHROMIUM 

> 10% 

COPPER 

5 to 10% 

ALUMINUM 

1 to 5 % 

MANGANESE 

1 to 5 % 


WHITE FLAKES AT BOHOM OF TUBE 


ELEMENT 

SEMIQUANTITATIVE 
CONCENTRATION ESTIMATE 

CHROMIUM 

> 10% 

COPPER 

> 10% 

ALUMINUM 

1 to 5% 

MANGANESE 

1 to 5% 

TITANIUM 

1 to 5% 

TIN 

< 1% 

ZINC 

1 to 5% 
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TABLE XXI. POST 39-MONTH IMMERSION WEIGHT CHANGE MEASUREMENTS 


TRW No. 29279-6006-RU-00 





Standard Deviation 
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TABLE XXII. 39-MONTH IMMERSION PIT SIZES AND LOCATIONS 



10-11 

11-12 

12- 13 

13- 14 

14- 15 

15- 16 

16- 17 

17- 18 

18- 19 

19- 20 

20 - 21 
21-22 

22- 23 

23- 24 

24- 25 

25- 26 

26- 27 

27- 28 

28- 29 

29- 30 

30- 31 


Center-Center 
Pit Separation 
(cm X 10"^) 


9.7 

17.0 

20.3 

26.3 

11.0 

41.7 
153.2 

73.8 

25.3 


Diameter of 
Two Adjacent 
Pits (cm X 10"4 ) 


3.6- 3.8 

3.8- 5.1 

5.1- 14.2 

14.2- 7.6 

7.6- 22.9 
22.9- 8.9 

8.9- 3.1 

3.1- 20.3 

20.3- 37.1 

37.1- 8.9 

8.9- 11.2 

11.2- 6.4 

6.4- 47.0 
47.0- 5.8 

5.8- 5.1 

5.1- 19.8 
19.8-25.4 

25.4- 8.6 

8.6- 14.7 

14.7- 31.8 

31.8- 25.4 
25.4- 9.7 

9.7- 10.2 

10.2- 1.5 

1.5- 2.3 
2.3- 3.1 

3.1- 1.8 

1.8- 9.5 

9.5- 12.7 
12.7^’ 5.1 


Average Diameter 
of Two Adjacent 
Pits (cm X 10"4) 
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TABLE XXII. 39-MONTH IMMERSION PIT SIZES AND LOCATIONS (Continued) 


Coupon No. 
and Phase 



1 - 2 

2- 3 

3- 4 

4- 5 

5- 6 

6 - 7 

7- 8 

8- 9 

9- 10 

10-11 

11-12 

12- 13 

13- 14 

14- 15 

15- 16 

16- 17 

17- 18 

18- 19 

19- 20 

20 - 21 

21-22 

22- 23 

23- 24 

24- 25 



Center-Center 
Pit Separation 
(cm X 10"4) 

Diameter of 
Two Adjacent 
Pits (cm X 10-4) 

Average Diameter 
of Two Adjacent 
Pits (cm X 10"4) 

34.9 

12.7- 6.4 

9.6 

46.7 

6,4- 5.8 

6.1 

27.6 

5;8- 4.6 

5.2 

86.7 

4.6-16.5 

10.6 

55.5 

16.5- 2.0 

9.3 

8,4 

2.0- 2.0 

2.0 

10.9 

2.0- 3.6 

2.8 

78.2 

3.6-23.9 

13.8 

20.3 

23.9- 7.1 

15.5 

36.6 

7.1- 7.6 

7.4 

7.9 

7.6- 3.6 

5.6 




54.1 

3.6-11.2 

7.4 

79.5 

11.2- 6.6 

8.9 

16.0 

6.6-18.3 

12.5 

56.3 

18.3- 9.7 

14.0 

34.7 

9.7- 4.8 

7.3 

18.4 

4.8-19.3 

12.1 

48.3 

19.3-76.2 

47.8 

74.2 

76.2-13.7 

45.0 

111.9 

13.7- 6.9 

10.3 

32.0 

6.9-11.4 

9.2 

30.7 

11.4- 6.9 

9.2 

67,2 

6.9-14.7 

10.8 

46.2 

14.7-15.7 

15.2 

44.1 

55.1-25.4 

40.3 

13.2 

25.4-26.4 

25.9 

28.2 

26.4-25.4 

25.9 

26.4 

25.4-21.1 

23.3 

25.8 

21.1-30.5 

25.8 

41.8 

30.5-21.6 

26.1 


(continued) 
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TABLE XXII. M-MONTH IMMERSION PIT SIZES AND LOCATIONS (Continued) 


Coupon No. Pits 
and Phase Nos. 




^524 , 7- 8 

.IQUID 8- 9 

(Ccnt'd) 9-10 

10-11 

11-12 

12- 13 

13- 14 

14- 15 

15- 16 

16- 17 

17- 18 

18- 19 

19- 20 

20 - 21 

21-22 

22- 23 

23- 24 


1 - 2 

2- 3 

3- 4 

4- 5 

5- 6 

6- 7 

7- 8 

8- 9 

9- 10 

10-11 

11-12 

12- 13 

13- 14 


Center-Center 
Pit Separation 
(cm X 10-4) 

Diameter of 
Two Adjacent 
Pits (cm X 10-4) 

Average Diameter 
of Two Adjacent 
Pits (cm X 10-4) 

48.9 

21.6-25.4 

23.5 

22.2 

25.4-19.1 

22.3 

22.2 

19.1-25.4 

22.3 

31.5 

25.4-17.3 

21.4 

30.2 

17.3-43.2 

30.3 

56.5 

43.2-19.1 

31.2 

19.7 

19.1-20.3 

18.7 

31.8 

20.3-25.4 

22.9 

93.3 

25. 4-^59. 7 

42.5 

54.6 

59.7-34.3 

47.0 

38.2 

34.3-30.5 

32,4 

63.5 

30.5-96.5 

63.5 

59.1 

96.5-21.6 

59.1 

40.0 

21.6-45.7 

33.7 

47,0 

45.7-22.9 

34.3 

43.2 

22.9-50.8 

36.9 

63.5 

50.8-25.4 

38.1 

32.4 

25.4-11.9 

18.7 

15.6 

11.9- 8.6 

10.3 

41.1 

8,6-35.6 

22.1 

27.6 

35.6- 5.3 

20.5 

28.1 

5.3-38.1 

21.7 

31.8 

38.1-25.4 

31.8 

44.5 

25.4-33.0 

29.2 

48.3 

33,0-38.10 

35.6 

80.0 

38.10-20.3 

29.2 

24.8 

20.3-11.4 

15.9 

28.6 

11.4-10.2 

10.8 

44.7 

10.2-28.4 

19.3 

25.3 

28.4-22.1 

25.3 
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TABLE XXII. 39-MONTH IMMERSION PIT SIZES AND LOCATIONS (Continued) 


7524 

VAPOR 

(Cont'd) 


^556 

.IQUID 



17- 18 

18- 19 

19- 20 

20 - 21 
21-22 
22-23 


1 - 2 

2- 3 

3- 4 

4- 5 

5- 6 

6- 7 

7- 8 

8 - 9 

9- 10 

10-11 

11-12 

12- 13 

13- 14 



Center-Center 
Pit Separation 
(cm X 10-4) 

Diameter of 
Two Adjacent 
Pits (cm X 10-4) 

Average Diameter 
of Two Adjacent 
Pits (cm X 10*4) 

39.2 

22.1-34.3 

28.2 

93.3 

34.3-35.6 

35.0 

49.5 

35.6-33.0 

34.3 

41.9 

33.0-30.5 

30.3 

43.2 

30.5-25.4 

28.0 

36.7 

25.4-21.6 

23.5 

^ 45.8 

21.6-30.5 

26.1 

49.7 

30.5-38.1 

34.3 

74.8 

38.1-20.1 

29.1 

39.0 

3.3- 3.6 

3.5 

124.3 

3.6- 3.8 

3.7 

131.2 

3.8- 4.6 

4.2 

17.8 

4.6- 3.0 

3.8 

102.1 

3.0- 5.6 

4.3 

44.7 

5.6-25.4 

15.5 

24.8 

25.4- 1.3 

13.4 

73.5 

1.3- 3.6 

2.5 

9.1 

3.6- 3.0 

3.3 

14.9 

3.0- 2.3 

2.7 

127,9 

2.3- 7.1 

4.7 

159.8 

7.1- 7.6 

7.4 

132.1 

7.6- 2.5 

5,1 

58.2 

7.1- 7.6 

7.4 

11.9 

7.6-10.2 

8.9 

21.7 

10.2-11.4 

10.8 

16.5 

11.4-21.6 

16.5 

21.0 

21.6-20.3 

21.0 

75.4 

20.3i- b.6 

14.5 

11.9 

8.6-15.2 

11.9 

26.4 

1 

15.2-25.4 

20.3 


(continued) 
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TABLE XXII. 39-month IMMERSION PIT SIZES AND LOCATIONS (Continued) 



13- 14 

14- 15 

15- 16 

16- 17 


Center-Center 
Pit Separation 
(cm X 10"4) 


119.4 

341.6 



Diameter of 
Two Adjacent 
Pits (cm X 10-4) 


25.4- 8.9 
8.9-19.1 

19.1- 20.3 

20.3- 6.4 

6.4-15.2 

15.2- 25.4 

25.4- 17.8 
17.8-16.5 


Average Diameter 
of Two Adjacent 
Pits (cm X 10-4) 


8-9 


10-11 

11-12 

12- 13 

13- 14 

14- 15 

15- 16 


46,4 

128,? 

50.2 
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TABLE XXII. 39-MONTH IMMERSION PIT SIZES AND LOCATIONS (Continued) 


Coupcn No. 
and Phase 

n 

Center-Center 
Pit Separation 
(cm X 10-4) 

Diameter of 
Two Adjacent 
Pits (cm X 10-4) 

Average Diameter 
of Two Adjacent 
Pits (cm X 10"4) 

7574 

1- 2 

67.6 

71.9-26.7 

49.3 

VAPOR 

2- 3 

41.0 

26.7-14.7 

20.7 


3- 4 

39,8 

14.7-14.0 

14.4 


4- 5 

25.4 

14.0-19.1 

16.6 


5- 6 

16.8 

19.1- 3.8 

11.5 


6- 7 

48.9 

3.8-61.0 

32.4 


7- 8 

48.9 

61.0-14.0 

37.5 


8- 9 

28.1 

14.0-33.0 

23.5 


9-10 

26.7 

33.0-20.3 

26.7 


10-11 

18.8 

20.3-17.3 

18.8 


11-12 

42.9 

17.3-25.4 

21.4 


12-13 

23.7 

25.4-22.1 

23.8 


13-14 

45.1 

22.1-68.1 

45.1 


14-15 

78.5 

68.1-88.9 

78.5 


15-16 

95.3 

88.9-101.6 

95.3 


16-17 

63.5 

101,6-25.4 

63.5 


17-18 

54.6 

25.4-61.0 

43.2 


18-19 

102.5 

61.0-116.1 

88.6 



87.9 

116.1-29.2 

72.7 
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TABLE XXIV. TENSILE MECHANICAL PROPERTIES OF 
39-month immersion TITANIUM COUPONS 


Coupon No. 

Test 

Temp 

(K) 

Ultimate 

Tensile 

Strength 

(psi) 

Yield 

Strength 

(0.2% 

Offset) 

(psi) 

% Elongation 
in 0.5 in. 

7504-T 

298 

MM 

169,000 

12 

7504-B 

77 


- 

10 

7506-T 

77 



10 

7506-B 

298 

194,600 

162,300 

14 

7507-T 

298 

176,000 

170,000 

14 

7507-B 

298 

196,900 

170,000 

12 

7523-T 

298 

174,600 

166,700 

8 

7523-B 

77 

255,500 

« 

10 

7524-T 

77 

255,500 

- 

10 

7524-B 

298 

194,500 

172,000 

10 

7525-T 

298 

194,300 

168,200 

14 

7525-B 

298 

174,200 

168,000 

10 

7526-T 

298 

185,800 

171,300 

12 

7526-B 

298 

176,100 

169,300 

10 

7554-T 

298 

148,400 

143,000 

18 

7554-B 

298 

147,700 

142,600 

16 

7556-T 

298 

142,900 

137,800 

16 

7556-B 

298 

145,700 

142,900 

16 

7573-T 

298 

145,700 

140,200 

14 

7573-B 

298 

148,000 

140.600 

14 

7574-T 

298 

148,000 

141,500 

20 

7574-B 

298 

150,800 

143,100 

18 


NOTE: T = Top: Vapor Phase F2 Immersion Exposure 

B = Bottom: Liquid Phase Fg Immersion Exposure 
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2.3.6 Analysis of Test Results and Observations 
2. 3. 6.1 Fq Composition/Chemical Analyses 

Means and standard deviations for the residue analysis data (Tables XIV 
and XIX) were calculated, and are presented in Table XXV. In addition, the 
analyses of the starting F2 (Table VII) were converted to the equivalent 
units, mg/capsule by the calculation: 

weight of y, mg/capsule = 


y% v/v V Wt F?, q/capsule 
100 Molecular Weight of F2 


Mol. Wt. of y X 1000 mg/g 


For the constituents reported as "CO2 + HF", the assumption was made for the 
calculation that the material consisted of CO2 only. The results are 
included in Table XXV. The data indicate, first, that there still are 
problems in obtaining meaningful analytical data from systems which contain 
elemental fluorine. The 29-month control test (no titanium) demonstrates this, 
when compared with initial concentrations and other test sequences. 


The much lower impurity contents from the tests compared to the initial 
fluorine are due to the purification by distillation which occurs when less 
volatile materials remained in the graduated cylinder during initial fills 
- - see Section 2.3.4.1(a), paragraph (vi). 

The SiF^ concentration determination is difficult to evaluate. Although 
the 39 month controls have significant concentrations in all samples, only 3 
out of 15 of the titanium-compatibility capsules gave appreciable concentra- 
tions; the other 12 were below the detectable limit. It may be that SiF4 
was produced inside those capsules which have measurable amounts, perhaps by 
reaction between water, fluorine, and glass, if the capsules were incompletely 
dried or had picked up water during manipulation. 

The CO2 content seems to be about constant, within statistical signifi- 
cance bands. 

The content of HF, which is the most corrosive of the impurities which 
were measured, and of CF4, are below the detectability limit in all 
measurements. 


COMPARISON OF ANALYSES FOR VOLATILE IMPURITIES IN FLUORINE (mg PER CAPSULE) 
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2. 3. 6. 2 Visual, Microscopic and Electron-microscope Examinations 

Discoloration and pitting were observed for both the 29 months and 39 
months exposure periods. There was no visual distinction between the two 
exposure periods. 

2. 3. 6. 3 Metallography, Pitting Analysis, and Weight Changes 

The technique used to prepare the coupons for metallography and pit- 
ting analysis includes immersion in an acid aqueous solution. Because 
titanium fluorides are soluble in or decomposed by water, this step prob- 
ably removed most of the corrosion products, but the unreacted titanium 
surface should not have been affected. Therefore the metallography and 
pitting studies are believed to apply to the condition of the substrate 
metal, and not to the condition of a coating of corrosion product film. 

Metallography has not revealed the development of any significant 
change of mode of attack by the fluorine. 

Accumulated statistical data for the pre-exposure and post exposure 
periods were derived from the statistical results where the mean values were 
determined from the following equation: 

MEAN X = E ITi X + Ig X Ng . . 

EN 

Where: J = Mean is the total average of 

all specimens with the same 
parameters. 

j< = Average of values for one 
specimen. 

N, ,Ng = Number of readings from each 
' ' ^ specimen. 

N = Total number of sets of 'X,X 2 i( 3^4 
averages. 

This treatment of the data was used to generate Tables XXVI and XXVII for 
pit dimensions and for pit frequencies, respectively. 
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TABLE XXVI. SUMMARY OF PIT DIMENSIONS 


Exposure Time/ 
Fluorine Phase 

Condition/ 
Surface Finish 

Pit Depth 
cm X 10*^ 

Pit Area 

cm2 X 10-7 

Depth/Oiameter 

Ratio 

None 

A/16 

1.25 

0.88 

0.27 

29 Months/Liquid 

A/16 

1.58 

24,70 

0.27 

39 Months/Liquid 

A/16 

1.14 

4.91 

0.33 

29 Nonths/Vapor 

A/ 16 

1.74 

1.10 

0,58 

39 Honths/Vapor 

A/16 

1.36 

20.94 

0.10 

29 Months/Al 1 

A/ 16 

1.64 

16.01 

0.38 

39 Months/All 

A/16 

1.26 

13.75 

0.20 

None 

A/64 

1.74 

1.09 

0.83 

29 Months/Liquid 

A/64 

5.45 

15.86 

0.59 

39 Months /Li quid 

A/64 

6.47 

153.55 

0.25 

29 Months/Vapor 

A/64 

6.30 

21.30 

0.76 

39 Months/Vapor 

A/64 

4.17 

216.19 

0.13 

29 Months/All 

A/64 

5.99 

19.29 

0.70 

39 Months/All 

A/64 

5.38 

183.40 

0.19 

None 

A/ ALL 

1.41 

0.95 

0.45 

29 HonthS/An 

A/ ALL 

5.16 

118J7 

0.64 

39 Honths/All 

A/ ALL 

3.62 

U140 

0.19 

None 

H/16 

'l.07 

1.37 

0.52 

29 Months/Uquid 

H/16 

2.06 

4.59 

0.31 

39 Months/Liquid 

H/16 

2.08 

33.80 

0.31 

29 Months/Vapor 

H/16 

2.11 

4.44 

0.35 

39 Months/Vapor | 

H/16 

1.52 

28.01 

0.23 

29 Honths/All 

H/16 

2.08 

4.53 

0.33 

39 Months/All 

H/16 

1.83 

31.21 { 

0.27 

None 

H/64 

1.72 

1.52 1 

1 n.85 

29 Months/Liquid 

H/64 

JL 

J. 1 

t 

39 Months/Liquid 

H/64 

3.88 

109.26 

ft 13 

29 Honths/Vapor 

H/64 

6.02 ' 

20.00 

0 . 

39 Months/Vapor 

H/64 

5.61 

74.88 

0.22 

29 Honths/All 

H/64 

6.02 

20.00 

0.38 

39 Months/All 

H/64 

4.73 

92.36 

0.17 

None 

H/ALL 

1.30 

1.42 

0.64 

29 Months/All 

H/ALl 

3.27 

9.20 

0.35 

39 ^k5nths/All 

H/ALL 

3.15 

59.07 

0.22 

None 

ALL /ALL 

1.35 

1.23 

0.56 

29 Months/All 

ALL/ ALL 

4.51 

15.39 

0.54 

39 Months/All 

ALL /ALL 

2.76 

80.61 

0.21 


I Not Tested 
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TABLE XXVII. SUMMARY OF PIT FREQUENCY PER UNIT AREA 



Measured Number of Pits 
in 0.25 cm 


Calculated Pit Frequency 
103 Number Pits/cm2 



None 


29 Months/Liquid 


39 Months/Liquid 


39 Months/Vapor 


None 


29 Months/Liquid 


39 Months/Liquid 



39 Months/Vapor 

A/64 

50.0 

31 

29 Months/All 

A/16 

9.5 




39 Months/All 


29 Months/All 


39 Months/All 


None 


29 Months/Liquid 


39 Months/Liquid 


29 Months/Vapor 


39 Months/Vapor 


29 Months/All 


39 Months/All 



None 

H/16 


29 Months/Liquid 

H/16 


39 Months/Liquid 

H/16 


29 Months/Vapor 

H/16 

• - i 

39 Months/Vapor 

H/16 

\ 

None 

H/64 


29 Months/Li quid 

H/64 



29 Months/Vapor 


39 Months/Vapor 


29 Months/All 


39 Months/All 


29 Months/All 


39 Months/All 


None ; 


29 Months/Liquid 


39 Months/Liquid 


29 Months/Vapor 


39 Months/Vapor 


29 Months/All 


39 Months/All 
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Comparison of the pitting analysis results for the 3 classes of 
exposure shows a considerable change in the character of the metal surface. 
Combined data from all tests on pit dimensions is presented in Table XXVI 
and on pit frequencies in Table XXVII. As would be expected, pit depth, 
pit area, and pit frequency are greater for the 64 RMS finish than for the 
16 RMS finish. Data on the average character of the surfaces is presented 
in Table XXVIII. Review of the average surface data shows a significant, 
accelerating increase both in the number of pits and in the average area of 
the pits. The number of pits doubles in 29 months and then is multiplied 
by 10 in the next 10 months, about 20-fold overall; the average area is 
multiplied by 13 in the first period and by 6 in the second, about 75-fold 
over the whole test. 

The average pit area and the number of pits per unit area (Table XXVII) 
are plotted against the immersion period in Figure 10. These graphs emphasize 
the increase over the final ten month period. A plot of the total pit volume 
per unit area (penetration rate) is given as a function of time in Figure 11. 
The notable characteristic is not the absolute penetration rate at 39 months, 
4.5 X 10"^ cm/year, but rather its acceleration from 6.5 X 10"^ cm/year at 
29 months, an increase of 7 times. 

On the other hand, the change in average pit depth is only about 2-fold, 
and apparently levels off. In addition, there is an approximate correspondence 
between the number of pits on the pre-exposure coupons and the number of pits 
appreciably deeper than average on the 39 month coupons. The penetration of 
these deeper pits may be of significance for longer exposures. The maximum 
pit depths measured, on 64 RMS coupons, are shown in Table XXIX. 

The weight changes shown in Table XV and XXI and combined in Table XXX 
represent an average weight gain of 0.31%, relative to the initial weights 
of the complete specimens. After 39 months, the weight gain has dropped to 
0.13%. The decrease is shown by all 4 conditions of the specimens. The 
probability bands are independent at the la level, but they overlap at the 
2a level of significance. 
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TABLE XXVIII. CHANGES IN PIT SIZES AND DISTRIBUTION 



Pre- Immersion 

29-Month 

39-Month 

Center-center spacing* cm 

2.2 X 10’^ 

1.8 X 10’^ 

4.6 X 10"^ 

2 

Number per cm 

2.2 X 10"^ 

3.9 X 10^ 

49.6 X 10^ 

Average depth, cm 

1.34 X 10“^ 

4.50 X 10"^ 

3.35 X 10"^ 

2 

Average area, cm 

1.23 X 10"^ 

15.4 X 10"^ 

80.6 X 10"^ 

Average depth/diameter ratio 

0.67 

0.54 

0.22 

Total pit volume* per unit 
area (cm^/cm^) = Average 
depth of material removed, 
cm 

3.36 X 10"® 

2.70 X 10"® 

1.34 X 10"^ 


^Assumes cylindrical shape: V = area x depth x number. 







PIT VOLUME 
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TABLE XXIX. MAXIMUM PIT DEPTHS 


Coupon 

Condition 

Test Category 

Depth (cm) 

7520 

H-64 

Pre 

0.42 X 10"^ 

7570 

A-64 

Pre 

0.42 

7527-L 

H-64 

29 Mo. 

1.8 

7527-V 

H-64 

29 Mo. 

2.1 

7572-V 

A-64 

29 Mo. 

2.0 

7575-L 

A-64 

29 Mo. 

0.89 

7575-V 

A-64 

29 Mo. 

1.1 

7524-L 

H-64 

39 Mo. 

0.89 

7524-V 

H-64 

39 Mo. 

1.5 

7574- L 

A-64 

39 Mo. 

1.5 

7574- V 

A-64 

39 Mo. 

1.5 
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TABLE XXX. WEIGHT CHANGE VERSUS EXPOSURE TIME 


Exposure Time 

Condition/ 
Surface Finish 

29 Months 

A/16 

39 Months 

A/16 

29 Months 

A/64 

39 Months 

A/64 

29 Months 

A/ALL 

39 Months 

A/ALL 

29 Months 

H/16 

39 Months 

H/16 

29 Months 

H/64 

39 Months 

H/64 

29 Months 

H/ALL 

39 Months 

H/ALL 

29 Months 

ALL/ALL 

39 Months 

ALL/ALL 


Average 
Weight Gain 

i%) 


0.35 


0.21 


0.42 


0.08 


0.38 


0.13 


0.29 


0.09 


0.37 


0.16 


0.33 


0.13 


0.35 


0.13 





































TRW No. 29279-6006-RU-00 


Data from this test was compared to those obtained from a 14 month 
exposure period (Reference 4). The pit frequency from the 14 month exposure 
was 4 to 9 X 10^ pits/cm^, approximately the same as the pit frequency found 
after the 39 month exposure (1.9 to 9.4 X 10^ pits/cm^), but the 29 month 

p p 

exposure had a much lower pit frequency (8 to 34.7 X 10 pits/cm ). Pit areas 

g 

appeared to be smaller after the 14 months of exposure: 1 X 10 to 

6 X 10"® cm^/14 months; 1.5 X 10"® cm^/29 months (average); 8.1 X 10"® cm^/ 

36 months (average). The maximum pit depth increase markedly after the 

-4 -3 

14 months exposure: 8 X 10 cm for 14 months; 2 x 10 cm for 29 months; 
and, 1.5 X 10"^ cm for 36 months. 

In the weight changes measured after 29 months, it is noted that 
annealed material of 64 RMS finish shows a statistically significant 
greater weight gain (95% probability) than the other materials. This is not 
the case for the 39 month tests; while all materials are indistinguishable 
statistically, and the A-64 specimens showed the lowest mean gain. Recall 
the discussion in Section 2.3.5.4(d); it is probable that the weight change 
data are not independent of post- test handling and hence have little predic- 
tive value. 

2. 3. 6. 4 Mechanical Properties (Tensile) 

A summary of all the tensile testing is presented in Table XXXI. The 
test data show that the mechanical properties of the titanium specimens 
when tested at either 298 K or 77 K are not degraded by the liquid/gas 
fluorine exposure. It should be noted that this testing at the slow strain 
rate cannot be used to predict the strength of the titanium at appreciably 
farter strain rates (i.e., impact loading). The pits in the titanium have 
increased in depth and area and the larger pits may lower the impact 
strength. 

2.3.7 Discussion of Results 

The compatibility tests described in this report were conducted with 
fluorine which had been subjected to cryogenic single-plate (pot) distilla- 
tion. This occurred because of the technique used to fill the test capsules. 
The purity of the fluorine was probably approximately that recorded for control 
samples in Table XXV, and not the pre-test material. The very slow rate of 
attack by the fluorine on the alloy coupons is in accord with this assumption. 
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Variations in the attack on the alloy do not correlate very significantly 
with the fluorine phase, nor with the condition of the Ti 6AL-4V. The best 
correlation is between pit development and exposure duration. However, there 
is appreciable variability from capsule to capsule which share the same test 
conditions. From general familiarity with fluorine compatibility, it is 
believed that these variations reflect differences in the initial condition 
of the specimens and capsules when the fluorine was introduced. The prime 
variable suspected in trace water content. Although the assemblies were 
treated similarly, there was no effort to attain identical histories, and 
the initial water content (absorbed on metal and glass) was not measured. 

Because the test data indicate that corrosion rates do not level off in 
the 3 year test period, the compatibility/corrosion rates for longer periods 
cannot be predicted. The lack of leveling off may be related to the apparent 
fragility of thicker films of fluoride. This may turn out to be significant 
for longer exposures. 

The severity of pitting corrosion of Ti 6 AL-4V in F 2 appears to increase 
with exposure duration. However, the currently available data are not suf- 
ficient for calculation of corrosion rates and design life for contact in 
excess of 3 years. 

Because the observed corrosion effects involves pit formation and pit 
depth increase, the behavior of F 2 -exposed Ti-6AL-4V under dynamic loads is 
unknown and cannot be predicted from currently available data. 

2.4 APPLICATION IN DESIGN 

For the design of a specific LF 2 system, selection of structural 
materials must be based on knowledge of various modes of interaction between 
the fluorine and the materials under all system operation modes and on 
evaluation of how such interactions affect the performance of the system. 

The user should consult the NASA reports "Fluorine Systems Handbook," 

NASA CR-72064, July 1, 1967 and "Experience With Fluorine and Its Safe Use 
as a Propellant" by D. L. Bond et al , JPL Publication 79-64, June 30, 1979, 
before using the data in this document. 
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TABLE XXXI. SUMMARY OF TENSILE MECHANICAL 
PROPERTY DATA 


Cipojufe Hme/ 
Flwirfne Phase 


Honths/LIquid 


{Heal Treatment/ 
Surface FfnUh) 


UlKwatt TentUe Strength (KSI) 

Range j Mean I Standard Dewtatfon 


Yield Strength (KSI) 

Range I Mean T Standard Deviation 


Elongation { 1/2 Inch Gage length) 
Range 1 Mean 1 Standard Deviation 


146.7 to 147.3 

m 

0.32 j 

1 138.2 to 139.6 




■BU I 
mail 

■rnn i 
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3. CONCLUSIONS 


Based on the immersion test results for up to 3 years, 
titanium 6A1-4V is compatible with fluorine at 77 K for 
periods of as long as 3 years. 

Titanium 6AL-4V with an ini tally smoother surface is more 
resistant to pitting than the same alloy with a rougher 
surface. 

Because the test data indicate that corrosion rates do 
not level off in the 3 year period, the compatibility 
for longer periods cannot be predicted. 

Because the observed corrosion mechanism involves pit 
formation and pit depth increase, the behavior of the 
F 2 -exposed titanium under dynamic loads is unknown and 
cannot be predicted. 

The tensile strength and ductility of the 6AL-4V titanium 
alloy, when tested at a slow strain rate, have not been 
degraded by the three year exposure to the vapor and liquid 
fluorine. 

There appears to be no significant difference between the 
corrosion resistance of annealed and heat treated titanium. 

The 64 RMS specimens appear to corrode at a rate approximately 
three times that of the 16 RMS specimens. 

The size and number of pits increases with time, but there is 
insufficient data to determine the corrosion rate function. 
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As .46 pits continue to Increase In number and size with expo- 
sure to the vapor and liquid fluorine, there may be a signifi- 
cant drop in the titanium fracture toughness. 

There is a possibility that long duration exposure to F 2 results 
in fragile corrosion films which can crack away and result in 
significant solid particle contamination of the F 2 . 
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4. RECOMMENDATIONS 


(1) It is recommended that fracture toughness testing of Ti-6AL-4V be 
conducted in liquid and vapor fluorine environments at contemplated 
storage temperature. and stress conditions. The increase in pitting 
severity with time may eventually lead to development of critical 
crack depth thereby resulting in catastrophic fracture at stress 
level below the yield strength of the material. 

(2) It is recommended that additional tests including longer terms 
exposures be conducted to provide data which can be used for develop- 
ing a corrosion rate equation. 

(3) It is recommended that design curves for long term storage of 
Ti-6AL-4V alloy in F 2 environments be generated using fracture 
toughness data and corrosion rate data. The design curves should 
include life expectancy projection based on stress levels, F 2 
conditions, temperature, and alloy conditions. 

(4) It is recommended that the strength and structure of fluoride 
corrosion films on titanium be studied as a function of exposure 
time. 
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‘New Technology 

No reportable items of new technology have been identified. 


V, 
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APPENDIX B 

TITANIUM 6AL-4V SPECIMENS 

HEAT TREAT AND SURFACE FINISH 
METHOD, CERTIFICATION. AND TEST 


C ' ^ 


B-1 


PACIFIC STEEL TREATING CO. 


f PST 




6829 FARMOALE AVE. . NORTH HOLLYWOOD, CALIF. 91605 
903-1460 877-3346 


1 Ksm-vi 


PROC. ENG. DATE 


jou description 


Srri2\ 




MATERIAL 


CONDITION 


SURFACE FINISH 


CAST, WROUGHT 


- 16- 7- y 

L-.M 2 V-- 



Me - 


\ ROCKWELL 


HARDNESS REQUIREMENTS 


TENSILE REQUIREMENTS 


NO. * OPERATION ' SPEC! FIC A TION 1 MEDIUM TEMP, 


ROUGH MACH I 


CORE 


HSI_ 

' req b 

SOAK 

TIME 


I KURN. 
NO. 




SECTION 

thickness^.. 

1 Too'/i’ 



PARTIAL SPECIMEN 


iNO. COUPONS 
iTO PULL 


IN AT ‘ 

A.M. 


TIME 
T TEMP 


T 


I __ ___ ^ ; I 






QopL._\ r/'c',.../ 



- f - 


■~i 


PFKtoR.gu;^. 





J 

TESTS 

ACTUAL HARDNESS 


ROCKWELL 


' ' ~ 

A UJTH O R I Z E S I G N A T U_R E 
























MECHANICAL FABRICATION INSPECTION REQUEST 


RCQ. NO. 




DRAWING NO. 


TITLE OR DESCRIPTION 


QUANTITY 


^r^LC/C DOUBIE DOGSOAje 


ACC. NO. 

6b-HJ03-0-38i 



DETAILED INSTRUCTIONS. SKETCH, ETC. 



/ Tju^ (/o) ^ 

r:^AyC' ^ 

/• Cy'lyO'xld JC R. Afc. / ^ / 4-' 

^ ^ '“^■iA '/~yi^y^yV\.AAAy\iy\y ^ y0yCAyy\y\\JL'^J^yt^^ 

( t ) > 

jLd^^y. ipyCL^y 

9 HDI/MMai 


ORIGINAL PAGE IS 
OF POOR QUALfTY 


DG. 

/y-T 


□ATE REQUIRED 


Q.A. FILE 


7 T 


yih^lAl •'CAJ^'- 2726 R2/71 
















^ 'll JR PMrOUMIt iJkBOMVOBT 
A CJUftm »f Tt t k m t l $gf 

||f 4$00 Otk OnM Or, / CSt. 9H0S 


INSPECTION REPORT 


I. K. NO. A 


BROMAM RCP. OCSIG. 

\ Ar^l 



■JUJL 


ORKRATION APPCCTCB 

'..j); ,. ,., u 


DWG/ PART NO 




S/Nt 


NOMENCUATURC 





SUB ASSY 


KtV. 


QjfYTRBC* 

Us^ 


ICKBTSI 


W HERE INSP. PgWFORMED 
»AF I ITS/ 


CONFIG. 

/V U 


MRB NO. 


jCOG. eng. 


EXT. 


REQ. 


FURN 




M*AT*L 




Hd 


HEAT 

TREAT 


ACCT. CODE NO. 


STRESS 
R. 


LEVEL OF INSF 


FLUR, 

PEN 




ITEM 




X-RAY 


Au£. 


REG. NO. 


Itf ^OS/.iZ 


ULTRA 

SON. 


OTHER 


TYPE HARDWARE^ 


3413 

MO. iOAYl YR i 


CONTRACT NO. 

A»/^ 


i I 


SUPPLIER 


jp- 


traveler no. 


SIGN, Stj;i>AP, DATE 


STATUS 

SPEC. NO. TYPE,"*- 

Jst Id ■ N U 

LOT NO. .INSP. LEVEL CHK. 

/\> id C30*^'9 

ITEM 

ZONE 

mSCREPANCIES 

DISP. 

REMARKS 

STAMP 

/ 


. o3O’t>0oi ' is UA Ao 


• . , . . * M«* .'*V 


, ' 














,0 Af'i? N^ ij" c/ 




~ 


A/^ aa tj er i t . 





v/v 

h\ 3 4^4 « C i 1^' l^r>M 1 J»V^ 





^ ' V^* 







AAa/i*: ■■ ■'■ ^ " • 


^■'r.ry 




d) iYcc/>A. 1? 4 ^ ^ 


f - 4- 




M iTf u Ll f rltm^ ^ 1 /* 1 










, . 








v; ,. ^v, ^ : 





SUPPLEMENTARY INFQ/CORRECTIVE ACTION 




u ' 




y •* ' .V i 


/ 




QTY. ACCP'T. 




QTY. REJ. 


COG. EMcr. 


•I- 




DATE 




PARTS REC. BY 


Q. A. ENG. 


DATE 


ACCCMPANY HARDWARE 


JPL 1453 R 2/75 






QTY. ACCP*T. 


IQTY. REJ. 


[PARTS REC. BY 


COG. EMG.* 



DATE 


Q. A. ENG. 


JPL 1493 U-«8» 





















































¥ 


MECHANICAL FABRICATION INSPECTION REQUEST 


RCO. NO. 


Q. NO. 


9/9 


loATE 


ENGINEER 

j-.TorM 


P.O. NO. 


REQUESTED BV 

^ • To tH 


SLOG. 

/1S‘ 


ROOM 


2.2 ^ 


EXT. 


3 2 'XS 


I.R. NO. 


DRAWING NO. 

/OOS6227 B 


QUANTITY 


SERIAL NO. 


Noted 


PROJECrNO. 


RJD 


TITLE OR DESCRIPTION 




ACC. NO. 


DETAILED INSTRUCTIONS, SKETCH. ETC. 





yAyy\^ 


S^laJUS) 

/iMAviXev 


A/A^ 


ys(^o 

7 £^ 6 / 

A 

ys 7 ^ 

75'77 


/A >eMf 


/"^Vvvv^L-. 

/ ^/ 


n RAAS 


is.mf> 


A,. 


/<' gAI . S " 


jg/M5 


4^/ ‘ 9 / 1 / 1 S 


H ! 


^oy^c 


"'Ox-® 




1 ^ 


DELIVER TO _ 

P. TotH 

BLDG.^ 

/%5~ 

ROOM 

f- 

DATE REQUIRED 

Ma-£ 5.) Vh !>’lJ- 

Q.A. FILE j 


li -'ll ii^iiiitliMIlifiiiiiii III I 




Miiiilillr 


L R. NO. A ' MIJIT! 



r*-.^ A/Jr-' 




WfUjanfrmrrrsT?. 


OPERATION AFFECTED 

tMfincif /vV/A4 7//r<^ 

wmi 

CRTS 

B' 

HEAT 

[TREAT 


faa^SBBCTa^EEEHBM 



t.EVEL or INSP. 



OTHER I SUPPLIER 


SHIP I REC. 


hardware traveler no. 

TEST I PINAL I FL-r. | PROTO | TA | SE ( /( /^ 





L V'V/>7' 




coo^G. , .. 

g- f WiMA! r 








ACCOMPANY HARDWARE 


JfV 14U « 

































FABRICATION WORK ORDER REQUEST 

OMI«lNAtOn; COMPCCtC UN>tHAOCO APCAS. 

ncrsn to •>oi -«o 



PR 06 PAM on PPOJCCT 


Oi.D6 /POOM CAT 

125-224 3225 


WON* OAOtA BTATUi M9) 


OPtW _ 

N T 

w.o. 


B OtCNCASC 

MlOA M 
CrTlMATC 


•PffN/COMWL 
MtW A 
w.o. 


lACACAtC 
PAION 
Kf TlMATf 



JOB TITLE 

47 


5-14-74 


QUCSTCH'S NAME 

L. Toth 


OCLIVEP MATERIAL TO 

P. WiUson 


OPAMTINC NO OTV OPAPINC TITLE 

10056227B 32 Metallic ape cine n 

PEQUESTCn'S ESTIMATE 

s 1.600.00 


INBTNUCTIONS 

Provide the following sao^les nade from 6 al- 4V titanium material per MU-T-9046. 

1. Material: Annealed condition 

A. Fabricate eight specimens per dwg. 10056227-1* 

B* Fabricate eight specimens per dwg. 10056227-1 exc^t that all surfaces to have a 


B* ^^rieate eight specimens per dwg. 10056227-1 
V finish. 

C* Provide a 12" X 12" piece of parent material. 


2. Material: Heat treated 

A* Fabricate eight specimens per dwg. 10056227-1* 

3. Fabricate eight specimens per dwg. 10056227-1 except that all surfaces to have a 
10/flnish. 

C. »ovide a 12" X 12" piece of parent material. 

3. Notes 

(1) Any cleaning or surface preparation required shall be done only with isopropyl 
alcohol. Do not use Freon under any circumstances. 

(2) Dwg. IOO56227B notes 4, 5, 6, and 7: Not part of this order; to be handled 
by cognizant engineer. 


ESTIMATED COST 


TOTALS 


i. NOUMS 
A *49-551 

B 

O DOuLARS 
(56-61 > 


OUT 

• 5 ICC 

CON' 

TRACT 

<62 

- 67) 

MAT 

crial 

AND 

OTHER 

(6i 

- 73 ) 


IN- MOOSE 
SUPPORT 
' 74 - 79 f 



- 

-.1 

BFQtiiPrn Apppn\/Ai «; 

total 

-■ 

>1 


ESTIMATE ^ 


OHM«#Aa 1 ON 


yjr- / O ! ’ 

PR OCM a M L L 


IP BURCH vtBOH 

TfTV 

DATE 

SECTION MANAGER 


DATE 

ASSISTANT LABORATORY DIRECTOR O 

■i 


E I CIVlBIOl^ MANAGER 





























FABRICATION WORK ORDER REQUEST 

vjr* ORiGiNATOR; COMPLETE UN’SHAOEO AREAS 

I REFER TO SPI S* 01*«0 


Accnusr so to at 


y- 7 - IS 

fcQUE STgff S VAMC 


PROGRAM OR PROJEC 



MS. ,;•»' M 
rCT.WATi 


400 

scr. 

ACt*V*T^ 


DELIVER MATERIAL TO 



DRAWING NO 

oos'^az? 


REOUEs;^R^ 


iOB T‘T,.t 

47 




.4oiaj- ,-OCvyJ A./-^ 

3^ ^ 


STIMATED COST 



TOTALS 


ONTRAC 



GROUP SUPERVISOR 


REQUIRED APPROVALS 


SECTION MANAGER 


TOTAL 

ESTIMATE 


DATE lOlVISiON MANAGER 


PROGRAM DIRECTOR 


DATE ASSISTANT LABORATORY DIRECTOR OATSIOIRECTOR/DEPUTY DIRECTOR 


JPL 2470 S R 8 7. 




























FABRICATION WORK ORDER REQUEST 

OniCINATOn: COMPLETE UN«HAOEO AMEAS 
MEFERTO $PIE-01<M 


PROGRAM OR PROJECT 

rMp 


ACCOw*«* NO ilkCt«AMr*lO 


OA 2 //' 


>'* **•?*,» ♦# 


PHAMINC; KO 





QTV DBAW1^»71TL 


5 W7^ 


S 0/^^ 


L 




JJMry<r^. 


ESTIMATED COST 



DATE i assistant LABORATORY DIRECTOR OATEIOIRECTOR/OEPUTV DIRECTOR 
























ABRICATION WORK ORDER REQUEST 

OniGINATOnt COMPLETE UNSHADED AMEAS 
REFER TO SPI«>01-60 


PROGRAM OR PROJECT 




BlOG/apOM EXT. J 




ACCOUNT tom CMAnaro 

•>0P». .?•' - t. 

1 *-PlK OFOtK NuV¥^ A ] 

'■CM/30\ 

W 

0*>l% 

M viw 

wo 

IQHH9 

A ^ 

VAtf 1 


fSTiMA-t 



INSTRUC; CNG ^ ' A ri A 

/. C^°) 

yyu V -^UXJL 


/. t:^ 




3 . Ao ✓tMJZ- 


ESTIMATED COST 



MATtRutO. t 
ASDCTflEFi' 
'68 73 ) I 


REQUIRED APPROVALS 


SECTION MANAGER 


TOTAL 

ESTIMATE 


DATE DIVISION MANAGER 


PROGRAM Director 


CROUP SUPERVISOR 


date! ASSISTANT LABORATORY DIRECTOR DATE DlRECTOK/DEPUTV DIRECTOR 
























MECHANICAL FABRICATION INSPECTION REQUEST 



ICQUESTCO BY 

'TcrrH 

DRAWING^O. ^ I QUANTITY 

loc^t No rej) 


m 


CNGINEE W 

I, /oTH 


.DC. ROOM . KAT. 

/;?.r c3ji4> 3:2 a 


SERIAi. NO. 


PROJECT NO. 


TITLE OR DESCRIPTION ^ _ 

Mc^TriLUo sp^c/Me/\Tj Po^BLe Po<^ecA/e 


lACC. NO. 


DETAiLEP INSTRUCTIONS, SKETCH, ETC. ^ 

^yCtXi 

^L^tc 

/p^yCf^ 




ORIGINAL PAGE IS 
OF POOR QUALITY 


DELIVER TO 


P l^y/u sca) 


/^r 


DOM DATE REQUIRED 

, 5 . 7 .^ Cn- 


Q.A. FILE 


2726 R2/’ 












FABRICATION WQRX ORDER REQUEST 

pniflNATOR: COUPLUrm UN«iNAOSO 4ASAS. 
ncFKn TO »^i ••41 ^0 


FooooAM om pmojfLcr 


OOOOAM o 

R/O 






I0» TITLC 

47 


/DOS 6X2.7 

^ £ A H ^ ff f\ • J 

i 9 Ai ^’^4' 

T^%^.JuAyw. ST/^ 

3. />o 


ESTIMATED COST 


»M.$. COVCItNM2MT PRINTING OFFICE: 1 174 - 7aS-t47 

























MECHANICAL FABRICATION INSPECTION REQUEST 


IllCtt. NO. 




MQUCSTEO BV 


ENGINEER 

TOTi 


ROOM 


DRAWING NO. 

QUANTITY 

SERIAL NO. 


TlTtE OR DESCRIPTION 

Mer^cc/c Sfi>ec/AieA/. DooBce iX>&BCAje 

Tc^-/ij03-e-3SH 


OETAIUEO INSTRUCTIONS. SKETCH, ETC. 


Ccv*^ ^^u)v'iX^ \/ 

/J^j^ . 

3 , Dj£tiyi^yi^ yt^p-.Z^C€KP 

^ jt^xcA ip^^cuCh^ ^-rVcx 


OEtlVER TO 


ris 




DC. 

/:^r 


aA. FILE 


DATE REQUIRED 




^ ,/<VlCV|XA.‘"^ 2726 R2/7J 













I 

f 


s- 


! 5 | 


^ i? 

N 

k 


€C 9 ijVim D I * 7 / SZ - 6 / 


Nl ,’ 's 

vj ki .— 


2 M ' 

III 


! I : kU ^ 

: : i$ r- H : 
T**^:jJ i - ; 

j- i k I : ‘ 


Li i 5 ! ^ « : i * ' J ‘r^ * • 

i^LliJlLiilMM-jiMI^J 

■ ?i? > ?■? ? *5 5 *:^ § ~ 

! !i!: ill |ili mill 

liT^ 


-M-i-!.. 

il ♦ * 

liUi 


t-l--j 


l-,[iL|jj.i 



*r — i -i' i- i .1 — j ..U. 

n I ii } I ! ; I ! i I ; I i Tl 


ft .f 

? ^ J' 

r* C ^ • 

!•! ! ■? : 
EMsifi? 

•? » i * r 

it 


i iji: 

1 I ? I . » 


1 . iQ s 

. * i 
• ’ 

1 A 


I 

$ V $ 

. 5 -^ 5 

Kv < ^ 


? 


5 

:: R 
'18 

Q H. 
- ^ H 


js^ll *1 ,«•« 

ill i st 

^2 ^)2 8 ^ tf 5 

'» C V ^ ^ • 
^11 vr^ <^0 i. k 

s " ^!o S'.i ^ k I . .5 


»ii v.'^ ^'O k i' 

S ^ 

^5 bs> N}j ^ 8 

i,i**j •*jj<j !')si >i vj 

VI ^ cf:>. Nk kk ^ ^ }'i§ 

k^ 'i'O 'Jtj k*i ^ *t^ Q_'^ 

K *<i *V '••i' «\j >•* 



MECHANICAL FABRICATION INSPECTION REQUEST 





DRAWING NO. 




CNCINEt-R 

L. Toir 


RCQUE:srED BV 

t. Tot 


ILOC. 



QUANTITY ^ 

/r 


CXT. 


SERIAL NO, 



PROJECT NO. 




MC. no: 

O(>~/S/0T0 



D£TAiLfc.U INSTRUCTIONS. SKETCH. ETC. 




/Jo^^ 


oj W yM ^ 


X-ou- 


DELIVER TC 



Q.A. FILE 


DATE REQUIRED 

<7'/- 7J' 


in. ,^;'^^<'^v-^‘^"^'’'' “"* 












MECHANICAL FABRICATION INSPECTION REQUEST 


IICO. NO. 


ENGINEER 

irro n 76 I /. TbrM 


« -V I BLOG. ROOM . 

^•TotH \ /1S‘ 0.^4^ 


DRAWING NO. QUANTITY 

/OOS6ZLS,7 B BT 


iiYwi oki ::l3CRiption 


R.O. NO. 


I.R. NO. 


SERIAL NO, I PROJECT. NO. 

A/oT£D R/D 




3S.^S 


D(^^SifyJL \36V•M/03-O-^^4o 




SERIAL NO. 


DET/xiEO l^ STRUCTIONS. SKETCH. ETC. 










I.J). 


f^A 




WAU\ 


7%s- 


a A. FILE 


DATE REQUIRED 


Mfi-e s, tab ov- 


.^i<rcrvyJiAy>‘^ •”• "'’• 



















1-^ 

INSPECTION REPORT 

1. R. NO. 

A 3 

JBT rBOPVlSION LABOBATOBT 

CtiUmm Imtiiiut tf T*tht»l$tt 

4$00 Oti Gf»*t Dr. / fsitdtmi e*lil. 9II0S 


SHEET / or / 

HI 


RET. DESIC. 

///' 



REQ. RO. 


CONTRACT NO. 


tY SUB ASSY ’ 

A.'A / T'/r/r' - ^ r. - /.r 


. """"" hH---‘-iT^R^.VTN«* ^ suppubr 


OWG/PART NO. 

/ -* ^ ^ 


WHERE INSP. PERFORMED | MR 


SOURCE 


SAF 1 CT« I /, 



«Eo. 


FURN, 


XfiL 


TYPE HARDWARE 


STATUS 


SPEC. NO. 

4 "^ 


level of insp. 


SHIf I REC. I IN-PROC.l TEST I F»NAL I FLT. I PROTO 


TYPE J LOT NO. 

/V 1 /'V? 


DISCREPANCIES 


REMARKS 



A r ; / A-c, . cA/ ?■<' 







U .< ■! • . 


INSPECTED SY 




SIGN, STAMP. DATE 


SUPPLEMENTARY INFQ/CORRECTIVE ACTION 






‘OTY. ACCP*T. 





ACCOMPANY HARDWARE 


JPL 1453 R 2/75 
























































tmo 6 d 


m t/» 1- 

H o 

H > 9 

» * ^ 


CLEAN ROOM 
DATA SHEET 

INSTRUMENTATION 
OVERTIME OK 


□ PHOTOGRAPHY 

□ Q/A REQUIRED 

□ WITNESS REOD 


O DEVELOPMENT 
O FUNCTIONAL 

□ FLIGHT ACCEPTANCE 

□ TYPE APPROVAL 


REQUESTER . 
alternate. 


DATE REQUIRED 
DATE OF REQUEST 



INSTRUCTIONS 


f^SS‘V4S7^C^ 

Ta^juu JJL ^ 0-3i ^JIa^ 

T/^r7C^-o&oo 

//? tA) y 

SaaLoS /hA^u\\\^k^lAA ^€Kac> 

3 ^ ^&/jj(KiW\Ay^JiJl 


ysoo /?. r (/) 

7«r^^ pr (T./4) 7^0 i (^SL) 

7SC3 -33c^Fi^/i) 7^ao u) 

7 ^c 0 ^ Pt: 0 /x) 7^3-1 W 

73TSV P77 O/'i) 

7 ss% p.r: i±/i) 74T57 (a; 

1SS3 - 330 ^P'(3/i) 7S 70 (fj { 

3^0 j^.r: ?/%) 7s ~ 


ORICINATOR 




« 8 K 

" ^ rr 


o n ^ 

5 

Q o o 

O i/i w 

X ni fti 


JPL 9224 <REV. J2-60I 










PACE NO. 



EiSS 




*\£. _ _ 

/onjTf, 

1^7 




V 

0KV 


f7< 

CJl^- 

BBISUBII! 


■ EV, C 

4 / ^ ^ 1 



/t 

i/ 



tK CLEAN ROOM 

Q saTa sheet 

□ iiiSTRUMENTATION 

□ overtime ok 


VENDOR P. 


Q PHOTOGRAPHY 

□ Q/A REQUIRED 

□ WITNESS REQD 

□ 


□ DEVELOPMENT 
O FUNCTIONAL 

□ FLIGHT ACCEPTANCE 

□ TYPE APPROVAL 


REQUESTER . 
ALTERNATE. 


77, 


»«T 

EXT 


INSTRUCTIONS 


DATE REQUIRED J 
DATE OF REQUEST 




y^Ajtis 

. yG- 0 ^> 0 O ( 


^ ^ ,<>^C'(C5U«LAe 


3* Sevc^ /lvtt^y6-e^ ^<tA^ 


IS’i-L 
’7S76, 
is -71 





fit ^ w 

•5 r* o 

-4 ► CP 

X S z 

o •• c 

£ o ^ 

5 *" 2 

^ in 

Z » 


o -p 

r » 

o o 


> X 
•p m 

•0 n 
o 

< 2 
HI 


C? O 
► > 


ORIGINATOR 










• MMCH I I 

?• I ( m, •«?! I 

I 

a>U.i 


A9-3S9 

KUQ 


■ I Mf« I !Ht' 


I I I 


CUSTOMCn OHDCtt KiUMiCn m 


001 ' 10320^32 
9006 

• [Jat PropultlOQ Lib 

• iCiilfomia Iiuitittir« taof Taob* 

• .4800 Oak Grpv* Driw 

raiidiiUf C4 91103 




SAIES ORDER 

NUMtCi ^ 

•0-359 


IsitUiWiI 


• VILLCAU. 


CERTIFICATE OF TEST 
NOTICE OF SHIPMENT 


s-; m-arm 


mi i; 


•Nl^ 

TO 


0AL/4V TiUBlnn to MXL-T 9049 F 3 Oeop C 4 m. 


IMVOICC MUMOCO 


994 224 


Miy 29. 1974 




WLLCAM. 


• iOit 


OtT 


1/2 Ibf. 


OCSCMtFTlON 


NO. 

NCS. 


SOUANC 

rtcT 


• IWLING WT. 

oco otcet 

, il.y 


OrctCHT 


iAL. ^ 

oue ^ 


•052 X IV X IL 


* 1/2 


BMt 

Tilt 


K0800 
L 6285 


CCOTtriCD CMCMICAL ANiLVfIS AND MCCNAN)CAU ANOARNTtlS 
ON NCVCNSC trOE 

















TITANIUM SUPPLY 

CERTIFICATE OF TEST 
CHEMICAL ANALYSIS 






































PflCfFflS STEEfTKEATIRlG CO.Cmt 

*6829 PARMDALE AVE. • NORTH HOLLYWOOD, CALIF. 61605 
.♦ - 983- 1450 877-3346 ' * *’ ' ’ * • -T' 



JOV OCtCniFTION 































































































I do 

Sr 



Hnagnu 

HhniiI 


E 

I P 


<N 0 < < 
fc £ S> 
¥ w Sio 


« T* •« so 

i Slji^S uS 



lU UJ o 

t 

si S S 

UJ < 


o < 


S£ o £ 
























rsoruLsioN ukmomAxpmr 

Cslif^rmis •/ T^th—iwtp 


INSPECTION REPORT 


RROGRAM 

"TR^fToesig^ 

»/N‘ ^ 


L/K 

A'A 


NOMENCLATURE 

PC'. 


1. R. NO.. 

A 

11)11 

SHEET 1 OF ^ 1 

MO. 

day 

YR 

_ V 

1: 



P.O, 


VA 


neq. no. 


AlA. 


SUB ASSY 

jVfi. 




OPERATION AFFECTED 

t I/,. Y r.»ir H 


OTV. REC. 
11 


Icehts 


M AT'L 


HEAT 

TREAT 


ACCT, CODE HO. 

•• 0 3/T 


STRESS 


FLUR» 

REN 


K-RAY 


REG. NO. 

C VCC c ? 


ULTRA 

SON. 


OTHER 


CONTRACT NO. 

va 


SURRLIER 


OWC/RART NO> 

lice; V ?pi7-i 


REV. 

b 


WHERE INSP. RERFORMED 

•ource|d •pL-1 safJ^ m 


CONfIG. 

'v'A 


REQ. 


l‘5 


1o" 


MRB NO. 


FURN 


Ao 




J pi- 


COG. ENG. 

EXT. 


LEVEL OF INSP. 

TYPE HARDWARE.. 

traveler no. 

TrTM 


SHIP 

REC, I /N-KrOCtJ TESt'l FINAL 

FLT. 1 PROTO 1 Ta| 8E 

A^A 

STATUS 

SPEC. NO, 


TYRE 

1 LOT NO, 1 

.^^.SP. LEVEL CHK. 

4M 

VA 


VA 


,VA 

" 1 ■■ 



ITEM 

lONE 

DISCREPANCIES 

DISP. 

remarks 

STAMP 

j 


C L L £ / IM FL F : L (LK . CC £ /,C0‘ 

.'Vf 









? 


O ^ F t oe 1 Cl / /\/i kL5 f / C •.ij 










3 


N'{> L ip re 1 A .w lT H _ PAi^T_S 


* r ^ 

ft A' 






i 










A':.T r ■ ih- •\lHI A'l J iJL T . 






^11 vM. PF T? l>lw C 





























INSPfCUO SY 


SION, STAMP, DATE 


IT 

SUPPLEMENTARY INPa/CORRECTlVE ACTION 


V 1 1 1 1 1 ^ 


ITEM 


UK 


t/.'^ f \ > . Z'? 








OTV. ACCP'T. 


t-,. 


QTY. REJ. 






X 6? 


RARTS REC.-fiV,/ 




T Ti^A 


6ate 


Q. A. ENG. 


DATE 




ACCOMPANY HARDWARE 


JPL 1453 R 2/75 



JPL 1453 B 2/75 




















































MECHANICAL FABRICATION INSPECTION REQUEST 



WSBeSB^M 

ENGINEER 

TotN 

P.O.NO. 

REQUESTED RV 

l> Toth ... 

rrrdWrrTMi 


<3 

DRAWING NO. 

QUANTITY 

SERIAL NO. 

kEerffi 

r 

TITLE CR DESCRIPTION 

M^T/i’LC/c SN^C/AfeN. DOUBIF jx>oboaJ£ 

T6V-/iJ03-e-38H 



OCTAOXO INSTRUCTIONS, SKETCH. ETC 


/• 7Zi^ (/oj 

Ccyy\ w 

(a),ax£^ J^^vUaJL 

/J^M^ . 

/• OuhL4 XR. NO- /^ /f/^ 

^ 6A^~4y 71^t-Svvi^Z</uvvv'^ /^T-vu^vcA 

( yU^-iAjU^ t ) * 

^ jta-cA ip.i^L/Cf'y 

* ORIGINAL PAGE IS 

OF POOR QUAU1Y 


deliver to 




DC. 

/:zr 


DATE REQUIRED 


S-Ji-9-7r 














|CONStQNCE/COf - CTOR 


0 u 


m 

5 1 


t 


u m 

•H Ok 

U 

« «0 

P« kO 


■HHHB 


■BBB 


z ^ • 

=>^ ^ 


^ v-« 

n ^ 

H «0 

I 


<s 

toi c 
c/> 




ORIGINATOR 



































fill 


11 


MECHANICAL FABRICATION INSPECTION REQUEST 




7 - 8-7 


fll^QUESTEO 


DjRAWlNQ NO. 

iz. 7 -J? 


TITLE ON oeSCNII!l>IOM 





nri 


QUANTITY 

^ 7 


EXT. 

7/?7 


SERIAL NO. 


&T-c/y</zy 


I.N. NO. 


NNOJECT NO. 

J 0 2 , 


ACC. NO. 



detailed instructions, SKETCH; ETC. 






.‘-.I, * »>■ 

,1 •• ■ 


K ’ O. * * * , * \ ’ ’ - ’ 


V 

. I ; .; .1 


v'. ■'•«'•' 


\ y, : 


COG. EW;. 
WIE_I2=^/' 


I- »• 


JUL^ ito 


.••■•:, ■■-'1':. . ■•'.■■.' . ■ MECHANICAL' 

..';VV',-r -', QUAUTT ASSURES 

• 9 *^**^.»* >!>•. * * “* . V • ’ . r * ** t* • 


'* ^ ‘ •* ‘.V **’ • ^ '***1 ^ „ •* ^ J • 


V’ 

Xiu ‘Z^Liyr ' 



DATE AEQUIACD 






L 


1. R. NO 

H-— 

INSPECTION REPORT 

■ ?PYWT« •# 

•••«« •«.V« 


/ / 
SHEET / OF ' 


HEF. OESIC. 

S/N 

U' A' 

A/ A 


CONTRACT NO. 


K. ^ 


OPERATION AFFECTED I QTY. REC. 




RHERE INSP. performed I MRS ITEM NO. 


SAF I AMR 


REQ. 


FURN, 


II 




L OF INSP. 

TYPE HARDWARE 

I 

traveler no. 


FINAL I FLT. I PROTO 


LOT NO. 

A 


INSP. LEVEL CHK. 


DISCREPANCIES 


REMARKS 






/• / 

. t f •'-''-r ^ 


^ Tc-, // 


^TcTH 




CORRECTIVE ACTION 


A/ / 


QTY. REJ. 


Q. A. ENG. 




ACCOMPANY HARDWARE 


JPU 1453 (S.eS) 




















































































TRW 

$VfT$mS MOM^ 

ONE SPACE PARK • REDONDO BEACH. CALIFORNIA 


CODE IDENT 119B2 



TITLE 

STORAGE IN LIQUID NITROGEN OF 
SEALED CAPSULES CONTAINING TITANIUM 
SPECIMENS AND/OR LIQUID FLUORINE 



date 8 NOVEMBER 1977 


NO.D01755 




SUPERSEDING: New 


-7 


PREPARED BY 


/j. R. DENSON 
APPROVAL SIGNATURES: 





Ih M. wtvERVTlanageF 
Caolstrano Ch€ 



F. RrG^BARINE, Manager" 
Caoistrano Test Site 



CTS Health and Safety 


DATE 


■BTTT 


DATE 


EMS REV. S-B7 








TRW 

OfVVlMS/ 4MC> SMS 5VS rrMS ONO(^ 


A ASSEMBLY PROCEDURE 
□ TEST PROCEDURE 

OPERATINC PROCEDURE 


PMOCCOUMC NO, 


■ D01755 


^ Ace 

or 

1 

4 


1.0 SCOPE 

1.1 This document describes the storage of canisters loaded with specimen 
capsules, in a temperature conditioning flask that is filled two times a 
week with liquid nitrogen. There are a total of thirty (30) caosules: 
eight capsules contain about 10 ml of liquid fluorine and twenty-two 
caosules contain a titanium soecimem and about 10 ml of liquid fluorine. 
It is intended that the titanium soecimens and liquid fluorine remain in 
storage for a oeriod uo to five years. 
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2.1 

2.2.1 

2.2 


2.3 


2.3.1 

X 2.3.2 


CONDITIONS 

Personnel 

Members of the Technical Staff and Technicians, as required. 

Safety 

Personnel shall comply with the TRW-CTS Facility Safety requirements 
and the Safety Requirements for the Chemistry and Chemical Engineering 
Laboratory. When adding liquid nitrogen for the first five minutes to 
the CRYO-FLASK, personnel shall remain behind a barricade. Safety of 
the storage method was evaluated and documented in the Apoli cable Docu- 
ments listed in Sections 2.3.3 and 2.3.4. Caosules opened in a dewar 
containing lit)uid nitrogen caused no problems, but permitted slow 
distillation of fluorine from the dewar over a 24-hour period. 

Applicable Documents 

Safety Requirements for the Chemistry and Chemical Engineering Laboratory. 
D-0051 (FTD 13.1) Safety Requirements, CTS, 
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2.3.3 2316-'6020-RU-00, "Compatibility Testing of Soacecraft Materials and 
Space-Storable Liquid Propellants", Final Report, February 1974 

2.3.4 16681-6009-R0-00, "A Plan for a Material Comoatibility Program for 
Oxygen Difluoride (OFg) and Oiborane (BgHg) Liquid Prooellants", 

Final Report, April 1971 

2.4 Test Equipment 

2.4.1 Storage Bunker 

2.4.2 CRYO-FLASK, Model A-1500, Liquid Nitrogen, Manufactured by Minnesota 
Valley Engineering Comoany 

2.4.3 Liquid Nitrogen Supply Tank 

2.4.4 Test Set-up (See Figure 1) 

2.5 Calibration 

All instruments used to obtain measurements for data acquisition shall be 
calibrated in accordance with TRW Quality Assurance Standard Practice 
and within current acceptable calibration periods. 

3.0 OPERATION 

3.1 Verify that the liquid nitrogen supply’ Is connected to the CRYO-FLASK. 

3.2 Verify that the level indicator on the liquid nitrogen supply tank 
indicates that the tank is at least 25^ fyll. 

3.3 Verify that the pressure gauge on the liquid nitrogen supply tanks indicates 
at least 10 psig pnssure in the tank. 

NOTE 


Be certain that all personnel are 
behind a barricade (the wall of the 
storage bunker). 
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3.4 Ooen full the liquid delivery valve on the liquid suooly tank, 

3.5 Observe when the CRYO-FLASK is full of liauid nitrogen. This observa- 
tion is made by noting when fog coming from the bunker increases 
greatly. At this time the liquid nitrogen overflowing from the CRYO- 
FLASK can be observed, 

NOTE 

Observation of the CRYO-FLASK is safe at 
all times, but as a orecaution, it shall 
not be observed during the first five 
minutes of fillina. the CRYO-FLASK in use 
retains 25/t of the liouid nitrogen after 
standing for four weeks. 

3.6 Close the valve on the liauid nitrogen sunolv tank when the CRYO-FLASK 
is filled with liquid nitrogen. 

3.7 Record in a notebook the date and time the CRVO-FLASK is filled with 


liquid nitrogen. 
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1.0 SCOPE 

* * 

1.1 In July 1976 capsules manufactured from glass were sealed with liquid 
fluorine or with titanium specimens and liquid fluorine. Since seal- 
ing these capsules have been in storage at -196®C. This procedure des- 
cribes the twice before perforned safe removal of liquid fluorine from 
the long term stored capsules, 

2.0 CONDITIONS 

2.1 Personnel 

Chemists and Technicians, as required. Personnel shall be trained in 
the normal operations performed in handling fluorine. 

2.2 Personnel shall comply with TRW-CTS Facility Safety Requirements 

and with the Chemistry and Chemical Engineering Laboratory Safety 

Requirements. Personnel shall be thoroughly acquainted with the 
Fluorine and Liquid Nitrogen Sections of the Safety Requirements, 
for the Chemistry and Chemical Engineering Laboratory. A safety face 
shield, gloves and rubber apron shall be worn when performing all 
operations. While working in a hood with capsules containing fluorine, 
a safety shield shall be placed between the operator and capsules. 

All operations described in this document were performed two times 
during the last five years. 

2.3 Applicable Documents 

2.3.1 Safety Requirements for the Chemistry and Chemical Engineering Labora- 
tory. 
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Capistrano Test Site Manual, Part III, Safety Procedures and Part IV, 
Emergency Procedures. 

Matheson Gas Data Book, section on fluorine. 


REMOVAL 01- LIQUID FLUORINE (LFg) FROM CAPSULES AND ANALYSIS OF RESIDUE 
Removal of LFo from Capsules 

NOTE 


In an emergency such as observing a broken capsule, 
the capsul* shall be placed in a Dewar flask filled 
with LNo. This Dewar flask shall then be placed 
in the test cell. Under these conditions, the LFp 
will boil off overnight with no problems except tne 
slow release of F^ as a gas. 


NOTE 


Operators shall wear face shield, laboratory coat, rubber apron, ' 
and asbestos gloves when handling cold capsules. 


Move the liquid nitrogen (LN 2 ) filled Cryo-Flask to the oxidizer test 
cell . 

Fill a ten -inch deep Dewar with LN 2 * 

Place the LN 2 filled Dewar next to the Cyro-Flask. 

Lift by the attached handle the canister containing the capsule to be 
sampled to a level where one-lialf the canister is covered with LN^ 

NOTE 


'' 2 * 


A canister is a stainless steel tube with a screen 
covered bottom and a long handle that retains 8 
capsules while iirynersed in LNj> contained in the 
Cyro-Flask. 


By the second operator, move the LN 2 filled Dewar to a position next 
to the Cryo-Flask neck. 

NOTE 


Two operators must work as a team wheii capsules con- 
taining LF 2 arc moved. 
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3.16 


3.1.7 


3.1.8 


3.1.9 


3.1.10 


3.1.11 


3.1.12 

3.1.13 

3.1.14 


3.1.15 


3.1.16 


Rapidly lift the canister from the Cryo-Flask. 

Rapidly move the capsule being sampled from the canister and place 
in the LN 2 filled DeWar. 

Immediately place the canister below the LN 2 level in the Cryo-Flask. 
Move the LN 2 filled Dewar containing the capsule to the hood contain- 
in the Fluorine Handling Manifold and replace the chain across the 
entrance to the test cell. 

NOTE 

A safety shield shall be between the operator 
and the capsule while the capsule is in the 
hood. 

While immersed in LN 2 , manipulate the specimen capsule into position 
for connection to the opening device shown in Figure 1 which is 
connected to handling manifold shown in Figure 2. 

NOTE 

The handle to the opening device valve is extended 
so that it passes through a small hole in a safety 
shield placed in front of the opening device. 

Connect the specimen capsule to the opening device using a Swagelock 

nut and Teflon ferrules. ^ ^ 

Close or verify' closed Valves 1, 2, 3, 5, 6, 8, 9, and 10. 

Open or verify open Valves 4, 7, and 11. 

Verify the Manifold Pump is on and that the Dewar flask and the LN 2 
cooled traps are full. 

Connect at Valve 1 a 10 cm stainless steel infrared cell fitted witli 
AgCl windows. 

Open Valves 1 and 2. 
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NOTE 


Allow the tip of the specimen capsule to 
remain in vacuum for five minutes to remove 
any moisture on the surface of the capsule 
tip. 

3.1.17 Close Valve 7 and observe the vacuum gauge for three minutes to 
determine there are no leaks. 

3.1.18 Using the handle extension on the opening device, turn the handle 
90° which will crush the tip off the specimen capsule. 

3.1.19 Return the handle on the opening device to the original position. 

3.1.20 Record the pressure noted in the manifold. 

NOTE 

The volume of the manifold with a capsule 
and infrared cell connected shall have been 
determined prior to this. 

3.1.21 Verify that the vacuum pump in the test cell is on. 

3.1.22 Open Valve 6 and vacuum distill the LFg from the specimen capsule. 

NOTE 


The IF 2 is passed through a soda lime and then 
a charcoal scrubber before entering the vacuum 
pump. A thermocouple is attached to the soda 
lime scrubber about 20% of the distance down 
the soda lime packing in the copper tank. If 
the thermocouple measures a temperature of 48°C, 
the distillation is stopped until the scrubber 
cools to 30°C. 

3.1.23 When the distillation is complete as determined by the observation 
that no liquid remains, close Valve 6. 



3.1.24 Remove the LN 2 filled Dewar from the sample capsule. 
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3.1.25 Record the pressure in the manifold when the sample capsule is free of 
frost and the capsule temperature is near room temperature as deter- 
mined by touch, 

3.1.26 Close Valve 1 and the valve on the infrared cell. 

3.1.27 Open Valve 7 and evacuate the manifold for five minutes. 

3.1.28 Remove the infrared cell and analyze its contents as indicated in 
Section 3.2, 

3.1.29 Close Valve 7. 

3.1.30 Bleed helium through Valve 8 until the pressure in the manifold is 

760 torr. 

3.1.31 Close Valves 8 and 2. 

3.1.32 By means of a propane-oxygen torch seal the tip of the specimen capsule. 

NOTE 

Ship the specimen capsules to the Metallurgical 
Laboratory at Space Park for examination. The 
material being shippedis not hazardous, and does 
not require special handling techniques. 

3.1.33 Remove the broken glass tip from the Capsule Opening Device. 

3.2 Residue Analysis 

3.2.1 Obtain standard calibration curves for each of the substances listed 
below at the absorption frequencies listed: 


^1 

O’ 


Substance 

HF 

COj, 

CFj 

Si^ 


cnrl 

3770 

2350 

1280 

1050 
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3.2.2 


3.2.3 


3.2.4 


Obtain an infrared spectrum between 4000 cm’^ and 750 cm"^ of the 
residue collected at -196**C and evaporated at room temperature (see 
3.1.3 ). 

Read concentration for each species present from Standard Curves. 

NOTE 

To determine the concentration of each species 
it will be necessary to calibrate the volume of 
the manifold and the infrared cell. 

Perform calculation of species concentration 


mg of species = 


X X V X MW 
22.5 X 100 


where: 

X = concentration from standard curve in X 
V = volume of manifold and infrared cell 
MW = molecular weight of species 
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Figure E-1: Maps of Surfaces of Passivated Specimens (Continued) 
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Ficure E-2: Photomicrographs of As-Received Specimens 
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Figure E-2: Photomicrographs of As-Received Specimens (Continued) 
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Figure E-3; Photomicrographs of Passivated Specimens 
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Figure E-7: SEM Photographs of Passivated Specimens 
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Figure E-8: Photographs of Fractured Tensile Coupons, 

Unpassivated, 298K 
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Figure E-8: Photographs of Fractured Tensile Coupons, 

(Continued) Unpassivated, 298K 
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Figure E-9: Photographs of Fractured Tensile Coupons, 

Passivated, 298K 
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Figure E-10, Photographs of Fractured Tensile Coupons, 
Passivated, 77K 
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Figure F-1 : Maps of the Sui faces of 29-Month 

Immersion Specimens 


F-3 


29279-6006-RU-00 


GRAY AREA 


BLUE AREA GRAY PATCHES 


,W»<ITE 

PATCH 


GRAY AREA 






GRAY SPOT 


7509 HT/16 


LIQUID 




GRAY AREA 


BLUE AREA 


GRAY AREA 


GRAYISH AREA ^ BLUE AREA GRAY SPOTS 



■ 


7510 HT/16 



LIQUID 



GRAYISH AREA 
AND SPOTS 


BLUE AREA GRAY SPOT GRAY AREA 


Figure F-1 : Maps of the Surfaces of 29-Month 

(continued) Immersion Specimens 
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Figure F-i : Maps of the Surfaces of 29-Month 
(continued) Immersion Specimens 
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Figure F-1 : Maps of the Surfaces of 29-Month 

(continued) Immersion Specimens 
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Figure F-1 ; Maps of the Surfaces of 29-Month 
(continued) Immersion Specimens 
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Figure F-1 : Maps of the Surfaces of 29-Month 

(continued) Immersion Specimens 



Figure F-2: Photographs of Post-Immersion 

29-Month Specimens 
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Figure F-2: Photographs of Post-Immersion 

(continued) 29-Month Specimens 
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Figure F-3: Photomicrographs of Post-Immersion 

29-Month Specimens 
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Figure F-3: Photomicrographs of Post-Immersion 

(continued) 29-Month Specimens 
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Figure F-3: Photomicrographs of Post-Immersion 

(continued) 29-Month Specimens 
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Figure F-4: SEM Photographs of Post-Immersion 

(continued) 29-Month Specimens 
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Figure F-4: SEM Photographs of Post-Immersi 
(continued) 29-Month Specimens 
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1 ) 7555, Liquid, -V 250X 


Figure F-4: SEM Photographs of Post- Immersion 

(continued) 29-Month Specimens 
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m) 7572, Liquid, -v 250X 


Figure F-4: SEM Photographs of Post-Immersi 

(continued) 29-Month Specimens 
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Figure F-5: Photographs of Fractured Tensile Coupons 

(continued) Post- Immersion 29-Month Tests, 298 K. 
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Figure G-2. Map of Surfaces of 39-Month Specimens (Continued) 
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Figure G-2. Map of Surfaces of 39-Month Specimens (Continued) 
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Figure G-2. Map of Surfaces of 39-Month Specimens (Continued) 
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Figure 6-3. Specimen Appearances After 39-Month F2 Immersion (Continued) 
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Figure G-3. Specimen Appearances After 39-Month F2 Immersion (Continued) 
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Figure G-3. Specimen Appearances After 39-Month F2 Immersion (Continued) 
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Figure G-4: 39-Month Immersion Post-Exposure Photomicrographs 
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g) 7524 Vapor 1000 X) 

Figure G-4: 39-Month Immersion Post-Exposure Photomicrographs 
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Figure 6-4: 39-Month Immersion Post-Exposure Photomicrographs 
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j) 7554 Vapor ( 1000 X) 

Figure G-4: 39-Month Immersion Post Exposure Photomicrographs 
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Figure 6-4: 39-Month Immersion Post-Exposure Photomicrographs 

(Continued) 




6-25 









TRW No. 29279-6006-RU-00 




p) 7574 Liquid ( ~400 X) 




q) 7574 Liquid ( -v- 1000 X) 

Figure G-4: 39-Month Immersion Post-Exposure Photomicrographs 

(Continued) 


G-28 


- - " 



Figure G-5. Post-Exposure (39 Months) SEM 
Photograoh, Specimen 7504 Vapo 


Post Exposure (39 
Photograph, Specii 


' Months) SEM 
men 7504 Vapor 


G-29 



TRW No. 29279-6006-RU-00 


r“ 




















TRW No. 29279-6006-RU-00 


Post-Exposure (39-Months) SEM Photograph 
Specimen 7554 Vapor 


Post-Exposure (39-Months) SEM Photograph 
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Low Magnification Photographs of Surface 
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Figure G-23 (Cont’d): 


Low Magnification Photographs of Surface 
Features, 39 -Month Immersion (-v-lOX) 
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TABLE G-II. PIT AREA FREQUENCY DISTRIBUTION; 39-MONTH IMMERSION COUPONS 


Specimen 

No. 


Percent of Pits In Various Area Ranges 10“^ cm (Average) 



Group A 

Group 5 

Group 6 

0.500- 

0.990 

(0.0745) 

1.000- 

4.999 

(3.000) 

5.000- 

9.999 

(7.500) 


Specimen 

No. 


(17.500) 


8.0 

0 

11.8 

10.0 

6.5 

0 

0 

0 


Percent of Pits in Various Area Ranges 10 ' cm (Average) 





35.000- 

39.999 



0 

Q 

0 

0 

0 

0 

0 

0 

3.2 

0 

4.2 

0 



Group 16 

Group 17 

25. GOO- 
79. 999 

(67,500) 

80.000- 

104.999 

(92.500) 


Group 19 Group 20 





Specimen 

No. 


Range 

Mean 

Group 23 

230.000- 

254.999 

(242.500) 



Percent of Pits In Various Area Ranges 10“^ cm (Average) 


Group 23 Group 24 Group 25 Group 26 Group 27 Group 28 Group 29 Group 30 Group 31 Group 32 Group 33 




505.000- 

605.000- 

604.999 

704.999 

(555.000) 

(655.000) 

0 

0 

0 

0 

0 

0 

1)1 

4.0 

()'■ 

0 

Cl 

0 

0 

0 

4.«> 

0 





































































FABLE G-III: PIT DEPTH/DIAMETER FREQUENCY DISTRIBUTION.* 
39 -MONTH IMMERSION COUPONS 




